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Abstract
Kristiansen, I. 2020. Medical, cognitive and motor outcome after treatment of pilocytic
astrocytoma in the posterior fossa in childhood. Digital Comprehensive Summaries of
Uppsala Dissertations from the Faculty of Medicine 1678. 74 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-513-0996-5.

Introduction: Pilocytic astrocytoma is the most common brain tumour in childhood. The aim
of the studies was to investigate late medical, cognitive and motor complications in patients
treated in childhood for pilocytic astrocytoma in the posterior fossa.

Methods: We present a retrospective study including 193 children treated for CNS tumours
1995-2006 and, from the same cohort, 3 descriptive studies including 20 patients (out of
27 eligible patients) treated for pilocytic astrocytoma in the posterior fossa 1995-2011. The
patients participated in an interview, a neurological investigation, screening tools for psychiatric
symptoms, health-related quality of life (HRQoL), and tests of cognitive, language, academic
and motor functions.

Results: Ten patients reported problems with motor skills, mainly from the upper limbs, and
8 reported learning difficulties. None had low results in screening for psychiatric symptoms
or HRQoL. Intelligence tests showed average results, but 5 scored <-1 SD (70-84) and
3 low average (85-92) on full scale IQ. Patients scored average compared with norms in
tests of executive function, except for significantly lower results in inhibition/switching (p=
0.004). In language and academic tests patients scored significantly lower results in naming
ability (p=0.049), inference (p=0.046) and reading speed (p=0.024). Results in tests of motor
function were normal, but in the Bruininks-Oseretsky Test of Motor Proficiency, patients
had significantly lower results in manual dexterity (p=0.008). In the Mini-Balance Evaluation
Systems Test, patients had significantly lower results compared with matched controls
(p=0.036). Patients who reported learning difficulties had worse results in the performed
tests.                          

Conclusions: Although long-term functional outcome for patients treated for pilocytic
astrocytoma was generally favourable, 40% of the patients display cognitive, learning and motor
difficulties. Therefore, it is imperative to identify those in need of more thorough cognitive
and motor follow-up programmes, including pedagogic interventions in school and training of
motor functions.

Keywords: Childhood, CNS tumour, pilocytic astrocytoma, posterior fossa, long-term
outcome, cognition, language, motor performance, learning difficulties

Ingela Kristiansen, Research group (Dept. of women´s and children´s health),
Neuropediatrics/Paediatric oncology, Akademiska sjukhuset, Uppsala University, SE-75185
Uppsala, Sweden.

© Ingela Kristiansen 2020

ISSN 1651-6206
ISBN 978-91-513-0996-5
urn:nbn:se:uu:diva-418049 (http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-418049)



 
 
  

To all the children, adolescents and young adults 
who participated in this study 



  



List of Papers 

This thesis is based on the following papers, which are referred to in the text 
by their Roman numerals. 

 
I Ehrstedt C*, Kristiansen I*, Ahlsten G, Casar-Borota O, Dahl 

M, Libard S, Strömberg B (2016) Clinical Characteristics and 
late effects in CNS tumours of Childhood: 
Do not forget long-term follow-up of the low-grade tumours. 
European Journal of Paediatric Neurology. 2016; 20(4):580-87  
*joint first authorship  

II Kristiansen I, Strinnholm M, Strömberg B, Frisk P (2019) 
Clinical characteristics, long-term complications and health-re-
lated quality of life (HRQoL) in children and young adults 
treated for low-grade astrocytoma in the posterior fossa in 
childhood. Journal of Neuro-Oncology 2019; 142 (1): 203-09 

III Kristiansen I, Eklund C, Strinnholm M, Strömberg B, Törn-
hage M, Frisk P (2020) Cognitive, language and school perfor-
mance in children and young adults treated for low-grade astro-
cytoma in the posterior fossa in childhood. Submitted 

IV Kristiansen I, Elmgren-Frykberg G, Höglund A, Sondell A, 
Strömberg B, Frisk P (2020) Motor performance in children and 
adults treated for low-grade astrocytoma in the posterior fossa 
in childhood. Submitted 

 
 
Reprints of the papers and pictures in the thesis were made with permission 
from the respective publishers. 
  



 



Contents 

Introduction ...............................................................................................11 
Central nervous system tumours in Childhood .......................................11 

Classification ....................................................................................11 
High- and low-grade gliomas ............................................................12 
Pilocytic astrocytoma in the posterior fossa .......................................13 
Presenting symptoms of brain tumours ..............................................14 
Investigations and treatment..............................................................15 
Tumours in the posterior fossa and the significance of location .........15 
Function of the cerebellum................................................................15 
Cerebellum and motor function .........................................................17 
Outcome after treatment of paediatric CNS tumours .........................18 
Late effects after treatment of paediatric CNS tumours......................18 

Aims of the thesis ......................................................................................21 
Materials and methods ..........................................................................22 
The patient cohort in paper I ..................................................................22 
The patient cohort in papers II–IV .........................................................22 
Paper II .................................................................................................23 

Inventories for depression, anxiety and self-esteem ...........................24 
Health-related quality of life (HRQoL) measures ..............................24 

Paper III ................................................................................................25 
Intelligence tests ...............................................................................25 
Tests of executive function ...............................................................25 
Test of visuospatial construction skills and visuospatial memory .......26 
Tests of language functions ...............................................................26 
Tests of academic performance .........................................................26 

Paper IV................................................................................................27 
Tests of motor performance ..............................................................27 

Ethics ....................................................................................................29 
Statistical methods ................................................................................29 

Results ......................................................................................................31 
Paper I ..................................................................................................31 
Paper II .................................................................................................36 
Paper III ................................................................................................40 

Intelligence tests ...............................................................................40 



Tests of executive function ...............................................................42 
Test of visuospatial construction skills and visuospatial memory .......42 
Test of language function ..................................................................43 
Tests of academic performance .........................................................44 

Paper IV................................................................................................46 
Reported motor performance ............................................................46 
Tests of Motor performance ..............................................................46 
Test of performance of activities of daily living (ADL) .....................49 

Discussion .................................................................................................52 

Conclusions ...............................................................................................60 

Clinical implications and further perspectives ............................................61 

Sammanfattning på svenska .......................................................................63 
Bakgrund ..............................................................................................63 
Syfte, material och metod ......................................................................63 

Studie I .............................................................................................63 
Studie II–IV ......................................................................................63 

Resultat .................................................................................................64 
Studie I: ............................................................................................64 
Studie II–IV ......................................................................................65 

Slutsatser: .............................................................................................65 

Acknowledgements ...................................................................................67 

References .................................................................................................70 

 



Abbreviations 

ADL  Activities of Daily Living 
AMPS  Assessment of Motor and Processing Skills 
BAI  Beck Anxiety Inventory 
BDI-II  Beck Depression Inventory-II 
BeSS  Bedömning av Subtila Språkstörningar (Test of   
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WAIS   Wechsler Adult Intelligence Scale 
WHO   World Health Organization 
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Introduction 

Central nervous system tumours in Childhood  
Central nervous system (CNS) tumours are, after leukaemia, the second most 
frequent malignant disease in children and constitute the most common form 
of solid tumours in childhood (1). The incidence of brain tumours in Sweden 
is 4.2/100 000 in children younger than 15 years of age (2), which is compa-
rable to the other Nordic countries (3) and internationally reported figures (4). 
Childhood CNS tumours comprise many different tumour types, of which 
nearly 50% are infratentorial tumours (5). Supratentorial tumours are more 
common in infants and children up to 3 years of age, and after 10 years. Be-
tween 4 and 10 years infratentorial tumours are more common (1) In most 
reports the most common histologic tumour types are, in descending order, 
astrocytoma (38–45%), medulloblastoma/primitive neuro-ectodermal tu-
mours (12–25%), ependymoma (5–10%) glioneuronal tumours (5-8%) and 
craniopharyngioma (4–6%) (2, 4, 6-9). The pathogenesis regarding brain tu-
mours is generally unknown, but there are genetic syndromes that can predis-
pose the occurrence of brain tumours, for example neurofibromatosis type 1 
(NF-1), tuberous sclerosis, Li-Fraumeni syndrome (1) and von Hippel Lindau 
disease (10). Beside inherited syndromes, the only environmental risk factor 
that has been shown to increase the risk of developing brain tumours is radia-
tion exposure (1). 

Classification 
The earlier classifications of brain tumours were based on concepts of histo-
genesis, which means that tumours can be classified according to their micro-
scopic similarities with different putative cells of origin and their presumed 
levels of differentiation (11). In other words, the classification was based pri-
marily on histologic appearance, included in the 2007 World Health Organi-
zation (WHO) classification (1, 9). In the 2016 WHO classification molecular 
parameters were added to the histologic appearance of the tumours. It is hoped 
that this will yield more biologically homogeneous and narrowly defined di-
agnostic entities, which will lead to greater diagnostic accuracy as well as im-
proved patient management and more accurate determination of prognosis and 
treatment response (11).  
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The classifications include a histological grading as a way of predicting the 
biological behaviour of the tumour. It constitutes a malignancy scale rather 
than a strict histological grading system (12):

 
Grade I: Tumours with low proliferative potential and the possibility 
of cure after surgical resection alone 
Grade II: Infiltrative lesions that often recur, despite having low level 
of proliferative activity 
Grade III: Lesions with clear histological evidence of malignancy 
Grade IV: Lesions that are cytologically malignant, mitotically active 
and necrosis prone that are often associated with rapid pre- and post-
operative disease evolution and fatal outcome 

In this thesis the tumour diagnoses were made according to the WHO classi-
fication from 2007, as the analyses were completed before the classification 
from 2016 was introduced. 

High- and low-grade gliomas 
Gliomas arise from glial cells, which support and protect neurons and are most 
commonly differentiated along the astrocytic or oligodendroglial lineage. The 
WHO classification divides gliomas into low- (WHO grades I and II) and 
high-grade subgroups (WHO grades III and IV). High-grade gliomas (HGG) 
are comprised primarily of anaplastic astrocytoma (WHO grade III) and glio-
blastoma multiforme (WHO grade IV). HGG can either present itself as a 
high-grade disease, or it can result from a transformation of a low-grade tu-
mour, although the latter is less common in children (13).  

In contrast to the adult population, children are affected by high-grade gli-
omas relatively infrequently, representing less than 20 % of cases. Despite 
advances in treatment for other childhood tumours, patients with high-grade 
gliomas invariably have a poor outcome, and 5-year survival rates remain less 
than 20 % (13).  

Low-grade gliomas (LGG) are the most common brain tumour in children, 
and pilocytic astrocytomas are the most common type. LGGs also include 
other histologic subgroups, for example pilomyxiod astrocytoma, oligoastro-
cytoma, oligodendroglioma and ganglioglioma. The most common site for 
pilocytic astrocytoma is in the cerebellum, but it can also arise in the chias-
matic/hypothalamic region as well as in the hemispheres, brainstem and spinal 
cord (5, 14).  
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Pilocytic astrocytoma in the posterior fossa 
Astrocytomas in the cerebellum are the most common CNS tumour in child-
hood and accounts for 15–25% of all paediatric CNS tumours and 25–35% of 
the posterior fossa tumours (15). The most common cerebellar astrocytoma is 
pilocytic astrocytoma in over 75% of all cases and is classified as WHO grade 
I (15). In the new WHO classification from 2016, these tumours are not clas-
sified according to genetic features, which is the case for other CNS tumours, 
for example medulloblastoma (1).  

Genomic alterations in pilocytic astrocytoma often involves the BRAF 
gene. The most common alteration is an aberration in chromosome 7, with a 
tandem duplication at 7q34 causing a KIAA1549: BRAF fusion gene. This re-
sults in a fusion protein that lacks the BRAF regulatory domain. A smaller 
number of tumours have a BRAF point mutation or BRAF-RAF fusions. All 
cause alterations in the MEK/mitogen-activated protein kinase (MAPK) path-
way and increase transcriptional activity and cellular proliferation (1, 15). The 
prognostic value of the KIAA1549: BRAF fusion remains unclear. This alter-
ation is more common in posterior fossa tumours, where a complete resection 
often is possible and the prognosis is good. However, it is unclear whether the 
type of BRAF mutation or the tumour location is the most important factor for 
the favourable prognosis (14).  

The typical pilocytic astrocytoma is a cystic mass with an eccentric solid 
component. On CT the solid component is often hypodense, and on MRI the 
lesions appear hypointense on T1 sequences and hyperintense on T2 se-
quences with contrast enhancement in the solid component (Figure 1). 

Pilocytic astrocytoma has a low mortality, and malignant transformation is 
rare. The treatment is surgical, and after complete resection, recurrence occurs 
in less than 5% of patients, and the 10-year survival is nearly 100% (14, 15). 
After partial resections, patients should be observed carefully. Reoperation or 
other forms of treatment can be reserved for those with more progressive dis-
ease. At progression the treatment of choice is surgery, and if the tumour is 
not amenable to reoperation, chemotherapy is often employed before radiation 
(14).  
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Figure 1. Classical appearance of a pilocytic astrocytoma on CT (above) and MRI 
(below) (15) 

Presenting symptoms of brain tumours 
Brain tumours have a heterogeneous presentation depending upon the tumour 
location, tumour biology and age of the child (16). Examples of common first 
presenting symptoms are headache, nausea and vomiting, unsteadiness, stra-
bismus and other visual symptoms, motor disturbances, growth and develop-
mental abnormalities, educational or behavioural problems, and seizures (16, 
17).  
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Pilocytic astrocytomas are slowly growing tumours and produce symptoms 
based on their position in the posterior fossa and the consequence of increased 
intracranial pressure (ICP). Symptoms are often protracted, and nearly half of 
the patients have symptoms longer than 6 months at the time of diagnosis. The 
most common presenting symptoms are headache, vomiting, nausea and leth-
argy that are worsening with increasing ICP and development of hydrocepha-
lus. Papilledema is frequently seen at presentation (15). 

Investigations and treatment 
A child with signs and symptoms that raise suspicion of a brain tumour need 
to undergo a neuroradiological investigation where MRI is the imaging mo-
dality of choice. If MRI is not available, a contrast enhanced CT can be per-
formed (16). 

Further treatment consists of surgery, chemotherapy and/or radiation, either 
alone or in combination depending on the tumour type. Today, most treatment 
regimens are conducted according to international protocols (1, 18).    

Tumours in the posterior fossa and the significance of location 
The posterior fossa has an infratentorial location between the foramen mag-
num and the tentorium cerebelli in the posterior part of the brain. It contains 
the cerebellum and the brainstem. In this study we have included children with 
tumours in the cerebellum and those involving the fourth ventricle, but not 
tumours in the brain stem. 

There is controversy regarding the role of tumour location in the degree of 
morbidity and complications (13). Studies have demonstrated that supratento-
rial tumours entail higher morbidity than infratentorial tumours (13, 19, 20). 
In a study by Patel, (21)  the supratentorial and infratentorial tumour location 
groups did not differ regarding intellectual functioning. However, survivors 
of infratentorial tumours performed worse on selected measures of intellectual 
functioning and on parent-reported social-emotional functioning.  

For patients treated for LGGs, neuropsychological outcomes are reported 
as equal between cerebellar and extra-cerebellar tumours, with slightly worse 
outcomes for extra-cerebellar tumours. When group means for patients oper-
ated for either infratentorial or supratentorial tumours were compared, mean 
full scale IQ (FSIQ) was found to fall within the average range. However, 
scores were approximately half a standard deviation below age expectations 
(22). 

Function of the cerebellum 
At the beginning of the 20th century, the cerebellum was regarded as a moder-
ator of motor functions including tonus, coordination, the ability to perform 
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alternating movements rapidly (diadochokinesia) and motor speech produc-
tion. New evidence from neuroanatomical, neuroimaging and clinical studies 
has provided evidence that the cerebellum is also involved in cognitive and 
linguistic processing. For example, studies with positron emission tomogra-
phy (PET) have provided evidence for cerebellar involvement in non-motor 
language functions with a simultaneous activation of supratentorial language 
areas and the right cerebellar hemisphere during language tasks. Neuroana-
tomical studies have revealed that the cerebellum is linked in a reciprocal way 
to the autonomic, limbic and associative regions of the supratentorial cortex. 
This means that cortical areas send information to the cerebellum via the bas-
ilar pons, and deep cerebellar nuclei send information back to frontal areas 
through dentothalamic pathways (23). The anatomical circuits linking the cer-
ebellum with the cerebral cortex are arranged in a two-stage feed-forward loop 
(the corticopontine-pontocerebellar projection) and a two-stage feed-back 
loop (cerebellothalamic-thalamocortical projection) (24). Thus, there are mul-
tiple connections between the cerebellum and different cortical areas. 

Studies have also been done to confirm the dissociation between motor and 
cognitive functions of the cerebellum by using a visual attention task, a motor-
task and a task that combines motor function and visual attention. The motor 
and visual tasks activated different areas of the cerebellar cortex where motor 
tasks activated the anterior parts, and cognitive tasks the posterior portion. 
Cerebellar activation was noted in the absence of motor involvement in the 
visual task, showing that cognitive functions are independent of the cerebel-
lum´s involvement in motor functions (25).  

Knowledge about the cerebellum´s role in cognition is evolving, including 
an acceptance that the cerebellum is critical for cognition and its development. 
This is also important in understanding the function of the human brain as an 
integrated system, where distinct brain regions are working together in an in-
tegrated way in the performance of different activities (26). 

Injuries to the cerebellum may affect executive function (planning, set 
shifting, abstract reasoning, working memory and decreased verbal fluency), 
spatial cognition (visuospatial disorganisation and impaired visuospatial 
memory), personality (flattening or blunting of affect and disinhibited or in-
appropriate behaviour) and language (dysprosody, agrammatism and mild 
anomia) (25).  Although the function of the frontal lobes is of importance for 
executive function, the cerebellum also has an important role, particularly in 
mechanisms of anticipation and control, for example focusing, attention, de-
cision-making and suppressing extraneous thought or impulses (18). 

In the late 1990s, Schmahmann and Sherman introduced the concept of the 
cerebellar cognitive affective syndrome (CCAS) as a consequence of injuries 
to the cerebellum. CCAS is characterised by deficits in executive function, 
spatial cognition, linguistic processing and affect regulation, resulting in over-
all intellectual impairment (23, 27). However, not all patients manifested the 
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same pattern of symptoms. This variability was noted to depend on the loca-
tion of the lesion, where damage to the vermis caused personality changes and 
damage to the posterolateral hemispheres was shown to cause other cognitive 
disorders. This suggests that the cerebellum possesses a well-defined func-
tional topography of cognition in addition to the traditional topography of mo-
tor functions, where activity is seen in the anterior parts (25).  

Cerebellar mutism (CM) or posterior fossa syndrome is another known 
complication after posterior fossa surgery. It typically manifests 1-2 days after 
surgery and affects speech, emotions, personality, and behaviour. CM affects 
mainly children treated for medulloblastoma, but may also occur in other tu-
mour types such as ependymoma or low-grade astrocytoma (28, 29). Patients 
with posterior fossa syndrome perform more poorly in measurements of exec-
utive function compared to treatment, diagnosis and age-matched controls. 
These sequelae are thought to arise due to damage to white matter tracts in the 
cerebellar-thalamic-cerebral pathway with hypoperfusion in the neural cir-
cuits connecting the cerebellum to the prefrontal cortex (18).  

Cerebellum and motor function 
The cerebellum plays important roles in the acquisition of motor skills. This 
involves development from controlled to automatic processing, where move-
ments that initially require problem-solving and attention become increasingly 
more efficient and require less attention (26). Diseases involving the cerebel-
lum can lead to ataxia, which is characterized by incoordination of balance, 
gait, extremity and eye movements, and dysarthria (30). When assessing con-
ditions involving the cerebellum, the concepts of postural control and balance 
are important. Postural control is defined as the act of maintaining, achieving 
or restoring a state of balance during any posture or activity (31). Balance is 
defined as the ability to maintain the body’s centre of mass over its base of 
support, and is a composite ability involving integration of information from 
several sensory systems (32). Like any other motor skill, postural control strat-
egies can become more efficient with training and practice (31). 

In studies of long-term outcome for children treated for brain tumours, the 
motor consequences have not been as extensively evaluated as other long-term 
complications, especially cognition (29, 33). However, in a study by Piscioni 
survivors of posterior fossa tumours in childhood demonstrated decreased 
physical functioning, most notably in balance (34). In another study by 
Rueckriegel (33), results showed that impairment of fine motor function was 
high, especially in patients treated for medulloblastoma, while patients treated 
for pilocytic astrocytoma showed more subtle impairment.  
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Outcome after treatment of paediatric CNS tumours 
Survival rates vary greatly across different tumour types. In Sweden, the var-
ious brain-tumour diagnoses evinced large differences in survival rates dur-
ing the years 1984–2010, ranging between 40% and 80% in 5-year overall 
survival (OS) (35). In the whole astrocytic tumour group the 5-year OS was 
82.3%, with great differences among the subgroups where high-grade astro-
cytoma had 5-year OS of 29.1 % and low-grade 89.9%. 

There is also variation in long-term neurologic and endocrine dysfunction 
as well as cognitive and psychosocial difficulties, among different tumour 
types. Long-term complications in these functions are well recognised in the 
whole group (36, 37), especially among high-grade tumours (WHO grade III–
IV) (38-43) but not to the same extent in low-grade (WHO grade I–II) (44) . 
Benign histology and favourable survival rates make it easy to miss possible 
long-term complications because the patients are considered cured and there-
fore lost to organised multidisciplinary follow-up. Children with low-grade 
tumours are considered to be potential long-term survivors rather than having 
a life-threatening malignancy (44). 

Late effects after treatment of paediatric CNS tumours 
The term late effects is defined as complications that begin or persist well after 
tumour diagnosis. Many of these arise as a result of treatment (18). Treatment 
often includes acute side effects that resolve over time, in comparison with the 
late effects that become apparent months to years following treatment and can 
last for a lifetime. Late effects include medical and non-medical complications 
and can be divided into categories: (1) complications involving different organ 
systems i.e. neurologic/sensory, cerebro- and cerebrovascular, endocrine and 
sensory organs (2) cancer, including primary recurrence and secondary malig-
nancies, (3) fertility and reproduction, (4) neurocognitive and (5) psychosocial 
and social complications (Figure 1). Risk factors include tumour location, high 
doses of chemotherapy, radiation and young age at time of diagnoses and 
treatment. 
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.  
Figure 2.  Late effects encompass numerous and diverse domains of life (18)  

The neurocognitive late effects can range from mild deficits in academic func-
tioning to severe defects in intellectual ability and language. These can persist 
or worsen over time. The most important risk factors are age at treatment and 
dose and volume of radiation therapy (18, 45).   

Endocrinological complications are mainly growth hormone deficiency 
and hypothyroidism but can include any of the hormones associated with the 
hypothalamic/pituitary axis.  

Tumour treatment can also cause a variety of neurologic/sensory effects 
including neurosensory hearing loss, visual defects, ataxia/motor disturbances 
and peripheral neuropathies.  

In addition, survivors of paediatric CNS tumours are also at increased risk 
for cardiovascular disease, including stroke and large and small vessel disease. 
Moreover, there are risks for secondary malignancies, where the most im-
portant risk factors are treatment with chemotherapy or radiation. Chemother-
apy most commonly induces leukaemia, whereas radiation is associated with 
solid malignancies (18, 45). 

Deficits in neuropsychological, social, and behavioural functioning and 
outcomes are common in adult survivors of childhood cancers. Among these, 
survivors of CNS tumours have the highest rate of chronic health conditions 
(18). These patients report higher rates of depression, anxiety, global and so-
matic stress than siblings and score lower than population norms in measures 
of health-related quality of life (HRQoL). Treatment- or tumour-related fac-
tors are not associated with increased psychological distress. The risk factors 
are rather the same as in the general population, including female sex, poor 
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physical health, and lower psychosocial status, as measured by income, edu-
cational level and employment status (18). Survivors of paediatric CNS tu-
mours are less likely to be employed, to have a higher income level, to be 
married or to have a higher education level compared to sibling controls. CNS 
tumour survivors are also more likely to suffer from lack of close friends and 
spend less free time with friends (18, 45). 

These late effects are mainly reported for children treated for high-grade 
tumours, but there is still a lack of knowledge concerning the amount and na-
ture of long-term complications among children treated for low-grade tu-
mours. Although some studies indicate cognitive difficulties (39, 41, 44, 46-
48) there are few studies dealing with the consequences of having had a low-
grade brain tumour, with its impact on medical, cognitive, psychosocial func-
tioning and quality of life (49-54).  

The long-term outcome for children treated for pilocytic astrocytoma in the 
posterior fossa is often reported as favourable (55-57). However, there are 
studies describing late effects also among these patients involving neurologi-
cal, cognitive, and behavioural complications (39, 44, 47, 50, 51, 58).  
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Aims of the thesis 

In the thesis we have performed a retrospective follow-up study of children 
treated for brain tumours at the Uppsala University Children´s hospital 1995–
2006 (Paper I) and a more detailed descriptive study of patients treated for 
low-grade astrocytoma in the posterior fossa in childhood 1995–2011(Papers 
II–IV).  
 
In study I (paper I) the aims were: 

1. to describe the clinical characteristics of the 193 children diagnosed 
with a brain tumour in childhood 1995–2006  

2. to re-evaluate the neuropathological diagnosis in order to investi-
gate the extent of diagnostic consensus,  

3. to investigate the frequency of neurological, endocrinological and 
neuropsychological sequelae  

4. to investigate whether cognitive difficulties have been met by ped-
agogic interventions in school. 

 
The aims for the study in papers II–IV were: 

1. to investigate if patients treated for a low-grade astrocytoma in the 
posterior fossa 1995-2011 have long-term complications affecting 
physical and psychological health, cognitive functions and quality 
of life.  

2. to investigate if the patients had affected psychosocial and educa-
tional situations and whether learning difficulties had been ob-
served in school and led to increased educational support. 

3. to determine if the participants had self-perceived difficulties with 
motor performance. 

4. to study how the patients performed in tests of motor proficiency, 
including balance and if they had diminished gait efficiency, af-
fected functional exercise capacity, and reduced hand-grip strength.  

5. to investigate whether the patients had affected motor and process 
activities of daily living (ADL) skills. 

6. to investigate if the patients with motor difficulties also reported 
difficulties in school. 
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Materials and methods 
All studies were performed at Uppsala University Children ́s Hospital, Swe-
den, a tertiary referral centre for children with CNS tumours. The referral cen-
tre serves six counties in mid-Sweden with a population of 1.7 million people. 
Included patient data were retrieved from the local and the National Brain Tu-
mour Registry and the National Epilepsy Surgery Registry. 

The patient cohort in paper I 
In this retrospective population-based study, all 193 patients with a CNS tu-
mour (age 0–17.9 years) diagnosed during a 12-year period (1995-2006) were 
included. All the patients had a follow-up time of >5 years. Hospital medical 
records were retrieved from paediatric, neurosurgery, neuropathology depart-
ments as well as neuropsychology records including pre- and postoperative 
neuropsychological assessments.  

Re-evaluation of the neuropathological diagnosis based on identification of 
histopathological criteria and immunohistochemical data, according to the 
then current World Health Organization (WHO) Classification of Tumours of 
the Central Nervous System (9) was performed by 2 experienced neuropa-
thologists in all eligible cases (i.e. biopsy undertaken). Original haematoxylin-
eosin and immunohistochemically stained sections were re-evaluated. In some 
cases, additional immunohistochemical analyses were performed in order to 
fulfil diagnostic requirements as defined in the WHO classification (9).  

Neuropsychological tests were performed pre- and postoperatively by ex-
perienced neuropsychologists. In most cases Wechsler Intelligence Scale for 
Children (WISC) (59) was used together with other test batteries. 

The patient cohort in papers II–IV 
In these descriptive studies, children and adults treated for low-grade astrocy-
toma in the posterior fossa in childhood are included. A total of 27 patients 
<18 years of age with this tumour were diagnosed and treated between 1995 
and 2011 at Uppsala University Children´s hospital. Patients diagnosed be-
tween 1995 and 2006 were also included in study I. At the time of the inves-
tigation 9 were children (9–17 years) and 18 were young adults (21–33 years).  

Hospital medical records were retrieved from paediatric, neurosurgery and 
neuropathology departments as well as neuropsychology records, including 
pre- and postoperative assessments.  

The original neuropathological slides for patients diagnosed between 1995 
and 2006 were re-evaluated in connection with study I by two neuropa-
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thologists, and the tumours were classified according to the WHO Classifica-
tion of Tumours of the Central Nervous System (9). For this study, no further 
re-evaluation was performed for those diagnosed 2007–2011 (n=7). However, 
no changes from the original neuropathological diagnoses were seen in the re-
evaluated tumours for this tumour group.  

A total of 22 out of 27 eligible patients agreed to participate (81%), 14 
adults and 8 children (Figure 3). Of these, 2 adults only took part in telephone 
interviews; 1 of them was excluded from further participation due to an inter-
current neurological condition (multiple sclerosis), and the other declined to 
participate. Three patients did not answer several invitations to participate in 
the study, and another two declined. 

 
Figure 3. Patients included in papers II–IV 

Upon acceptance, participants were invited to the Folke Bernadotte Regional 
Rehabilitation Centre in Uppsala to undergo investigations performed by a 
multi-professional team, 2 days for adults and 3 days for children. A schedule 
was made for the activities during the days, including a lunch break and rest 
between the different tests. The investigations included an interview, a neuro-
logical examination, test of cognitive, language, academic, and motor skills 
and questionnaires of health-related quality of life and psychiatric symptoms.   

Paper II 
This study includes information from hospital neuropsychological investiga-
tions available in the medical records which were scrutinized. Standardised 
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cognitive tests were used, in most cases WISC (59, 60). The study also in-
cludes measures for depression, anxiety, self-esteem and health related quality 
of life.  

Inventories for depression, anxiety and self-esteem 
Beck Depression Inventory – second edition (BDI-II) is a self-report scale, 
intended to measure physiological and cognitive depressive symptoms in 
adults and adolescents. The results are interpreted in relation to established 
limit values (61). 

Beck Anxiety Inventory (BAI) is a self-report scale intended to measure 
amounts and changes in level of both physiological and cognitive anxiety 
symptoms. The results are interpreted in relation to established limit values 
(62). 

Beck Youth Inventory Scales (BYI) evaluate emotional and social impair-
ments in children and adolescents. Each scale consists of 20 statements, scored 
0–3, indicating the frequency of symptoms during the last 1–2 weeks. Scores 
are reported as percentiles in comparison with Swedish normative data (63). 

Health-related quality of life (HRQoL) measures 
RAND-36, used in this study, is one of the most commonly used generic 
measures for HRQoL, developed in the RAND Medical Outcome Study dur-
ing the 1980s. Two (64) identical versions of the questionnaire are currently 
available, and both are translated into Swedish. The RAND-36 Item health 
survey, is a public domain form, and the SF-36 Item health survey is a copy-
righted, commercially distributed form. Minor differences exist between 
RAND-36 and SF-36 concerning scoring procedures for two of the eight sub-
scales. RAND-36 lacks an authorised algorithm for calculating mental and 
physical summary scores. The questionnaire consists of 36 items measuring 
eight HRQoL domains: physical functioning (PF), role physical (RP), bodily 
pain (BP), general health (GH), vitality (VT), social functioning (SF), role 
emotional (RE), and mental health (MH). Domain scale scores range from 0 
(worst possible quality of life) to 100 (best possible quality of life). Swedish 
age- and gender-matched norm values exist for domain scores for SF-36 (65), 
and it is possible to compare the domain scores from RAND-36 with the Swe-
dish norm values for SF-36.  
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Paper III 
In this study tests measuring cognition, language and academic skills were 
included.  

Intelligence tests 
Swedish versions of the intelligence tests for children 6–16 years, WISC IV 
and V (60, 66) and for adults (>16 years), Wechsler Adult Intelligence Scale 
(WAIS IV) (67) were used. WISC IV and WAIS IV include 4 primary index 
scales: verbal comprehension, perceptual reasoning, working memory, and 
processing speed.  

During the time of the study a new version, WISC V was introduced (66). 
This new version has been revised and updated based on results of research 
and clinical experience. It includes 5 primary index scales compared with 4 in 
the earlier version: verbal comprehension, visual spatial, fluid reasoning, 
working memory, and processing speed. New subtests have also been included 
to increase the capability to perform broader and more nuanced evaluation of 
general intelligence, as well as strengths and limitations in the individual 
child.  

For all tests it is possible to calculate a full intelligence quotient (FSIQ). 
Results were calculated into index scores, mean (M) 100, and standard de-

viation (SD) 15. 

Tests of executive function 
Parts of Delis-Kaplan Executive Function System (D-KEFS) (68) were used: 
Trail Making Test (TMT), number-letter switching, which assesses flexibility 
of thinking on a visual-motor sequencing task. The Tower test measures spa-
tial planning, rule learning, inhibition of impulses, perseverative responding, 
and the ability to establish and maintain the instructional set. The Color Word 
Interference Test (Color-word inhibition and Color-word inhibition/switch-
ing) evaluates inhibition and cognitive flexibility. Results were calculated in 
scaled scores (M10, SD 3) using American norms.  

Behavior Rating Inventory of Executive function (BRIEF) is a standardised 
questionnaire for assessing executive functions in children, adolescents, and 
adults (69). There are separate questionnaires for patients and their parents/rel-
atives. Each questionnaire consists of 86 items divided into 8 clinical scales: 
inhibit, shift, emotional control, monitor, working memory, plan/organise, or-
ganisation of materials, and task completion. It yields a Global Executive 
Composite Score (total score, GCS), a Behavioral Regulation Index (BRI), 
and a Metacognition Index (MI). Results were calculated into T-scores (M 50, 
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SD 10) using American norms. T-scores at or above 65 indicate clinically sig-
nificant executive difficulties. 

Test of visuospatial construction skills and visuospatial memory 
Rey complex figure test (RCT) was used to assess visuospatial construction 
and memory (70), using 2 parts of the test, immediate and delayed recall. Re-
sults were calculated into T-scores (M 50, SD 10) with American norms. 

Tests of language functions 
Clinical Evaluation of Language Fundamentals, Fourth Edition (CELF- 4) 
(71) is an instrument for identifying language difficulties and disorders in chil-
dren 5–12:11 years. Five indices are included in this study: Core language 
score (general language ability), receptive language, expressive language, lan-
guage content, and language memory. Results were calculated into index 
scores (M 100, SD 15) with Scandinavian norms.  
 
Boston Naming test (BNT) is a test of naming ability, with Swedish normative 
data for the ages 21–80 years (M 53.04, SD 4.18) (72).	
	
Assessment of Subtle Language Disorders (BeSS-Bedömning av Subtila 
Språkstörningar) is a Swedish test of high-level language functions (73). It 
consists of 7 parts: repetition of long sentences, construction of sentences, in-
ference, comprehension of logico-grammatical sentences, comprehension of 
ambiguous sentences, understanding of metaphors, and definition of words. 
Maximum level on each test is 30 points. Normative Swedish data for each 
item are based on an investigation of 28 high-school students (16–19 years) 
(40); the levels of M and SD differ across the subtests. 
 
Tests of word fluency (FAS, animal and verb fluency) measure the subject’s 
ability to generate words within a restricted time limit and within a certain 
category. In this study, the letter (or phonemic) fluency test called FAS (using 
the initial letters F, A, and S) was used (74) together with a semantic (or cate-
gory) fluency test aimed at semantic categories (animals) and actions (verbs) 
(74). Swedish norms were used (74) for the ages 16–29 years with and educa-
tional level ≤12 or >12 years. 

Tests of academic performance  
Diagnostic Manual for analysis of reading and writing skills (DLS) is a screen-
ing instrument for assessing spelling, word knowledge, reading velocity, and 
reading comprehension (75). Swedish normative data exist for children aged 
7–17 years. 
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Adler screening tools for mathematical skills is a test of mathematic perfor-
mance in arithmetic for children 7–19 years (76).  

All results were converted into the stanine scale where the normal distribution 
is divided into 9 steps (M 5, SD 1.97) (77).  

Paper IV 
In this study tests of motor and performance skills were included.  

Tests of motor performance 
Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) 
measures motor skills in individuals aged 4 through 21 years (78). It can iden-
tify motor skill deficits in individuals with mild to moderate problems with 
motor control. BOT-2 assesses proficiency in four motor-area composites us-
ing eight subtests: Fine Manual Control (Fine Motor Precision and Fine Motor 
Integration), Manual Coordination (Manual Dexterity and Upper-limb Coor-
dination), Body Coordination (Bilateral Coordination and Balance), and 
Strength and Agility (Running Speed and Agility and Strength). Results were 
calculated into scaled scores, Mean (M) 15, Standard Deviation (SD) 5 with 
American norms.  

Measurements of energy expenditure have often been used to quantify gait 
efficiency in individuals with disabilities (79). In clinical settings, a conven-
ient way to quantify gait efficiency is to use heart-rate recordings. These pro-
vide an estimated measure of energy expenditure, based on a linear relation-
ship between heart rate and oxygen uptake at a sub-maximal activity level. 
Physiological Cost Index (PCI) is calculated as a quotient of the difference 
between work and rest heart rate divided by the walking speed, expressed as 
heartbeats per m: 
 
PCI (beats/m)  =   work heart rate – rest heart rate (beats/min) 

      –––––––––––––––––––––––––––––––––– 

               walking speed (m/min) 

The patients walked 375 meters indoors at a self-selected speed. Directly after 
the test, the exertional effort was assessed according to the Borg Rating of 
Perceived Exertion (RPE) scale, where the lowest level 6, corresponds to no 
exertion and the highest 20, to maximal exertion (80). The reference values 
were taken from a study by Bratteby Tollerz (79), which included 20 healthy 
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children aged 5–16 years. The levels of PCI were M 0.44, SD 0.13. These 
values have been used for all patients, based on the assumption that energy 
cost will be approximately the same for all ages, because rest and work heart 
rate decreases with age and walking speed increases (79). 

The Six-Minute Walk Test (6MWT) is a method to assess the submaximal 
level of functional exercise capacity. The test measures the distance in meters 
the patient can walk on a flat, hard surface in a period of 6 minutes (81). The 
level of exertion during the test was assessed by the RPE scale. Reference 
values, divided into age groups and sex, were taken from a study by Geiger 
(81) including 528 children. 

Hand-grip strength is routinely assessed to evaluate upper extremity impair-
ments, strength changes and work capacity. It provides information about 
hand function (82, 83) and is an indicator of general health (82). A 3 Jamar 
hydraulic hand-held dynamometer (Samons Preston Rolyan, Bolingbrook, Il-
linois, USA) was used to measure grip strength in pounds (lb). Normative 
data, divided into sex and age groups, were collected from a study by 
McQuiddy (82), where 1508 students aged 6–19 years participated, and from 
a study by Fain (83), with 237 participants, 20–34 years of age.  

To study the functional aspects of balance, we included a test of dynamic bal-
ance, the Mini-Balance Evaluation Systems Test (the Mini-BESTest) (84). 
This test includes 14 items that examine motor performance tasks related to 
dynamic balance, such as dynamic body stability, transfers, gait, variation of 
support surfaces and visual conditions, obstacle negotiation, reaction to exter-
nal forces, and performance during dual tasking with cognitive challenge (85). 
The administration time is about 15 minutes, which is a practical advantage 
over more extensive instruments, and the test is used and validated to assess 
balance impairments in several conditions, including neurological diseases 
(85). In this study, we performed a modified variant, where half of the subtests 
were recorded three times with simultaneous sensor data collection for further 
analyses. This routine with repeated registrations is customary when collect-
ing time-series data with sensors. Thus, the collection of the Mini-BESTest 
data in this study took more time (approximately 45 minutes) than the usual 
15 minutes. The Mini-BESTest has been translated into Swedish and validated 
for Parkinson´s disease and stroke (86). Maximum scores used in the Swedish 
version are 32 points, where the total scores from all items are summarized. 
In the original publication 28-point summated scores were used, and only the 
most affected side for items of one-leg stance and lateral compensatory step-
ping were included (87). However, when comparing the effects of using a 32-
point or a 28-point scoring scale, the effects on the results are minimal (88). 
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We have used the Swedish version of the test, and therefore the 32-point scor-
ing scale was used. In a study by O´Hoski normative values were presented 
for the ages 50–89 years (32).  

This test has not been used earlier to investigate children, adolescents or 
young adults. Thus, there are no reference values available for these age 
groups. Therefore, a control group consisting of 2 sex-, age-, length-, and 
weight-matched healthy controls for each patient was recruited (22 adults and 
16 children) for comparison. One adult patient was excluded from participa-
tion due to a bone-length difference that influenced balance; hence controls 
were not recruited for this patient.  

The Assessment of Motor and Process skills (AMPS) is an observational eval-
uation of performance of ADL (89, 90) and is designed to measure a person´s 
quality of performance of ADL tasks. It evaluates two domains: the quality of 
ADL motor and ADL process tasks performance. A minimum of 2 ADL tasks 
are selected from over 120 standardized ADL tasks and assessed for 16 motor 
and 20 process skills. Raw scores are converted into logits (log-odds proba-
bility units) by the AMPS computer-scoring software to compare AMPS mo-
tor and process logits measures with results in the AMPS database (89, 91). 
Mean ADL motor and ADL process ability measures for typically developed 
children and adults stored in the database can provide a reference for inter-
preting the results of an AMPS evaluation. Reference values are divided into 
age groups, 9–15 years and for adolescents and adults 16–59 years. The AMPS 
computer program provides a graphic report of the results for each patient. A 
result below 2 logits for ADL motor and below 1 logit for ADL process skills 
indicates diminished quality and performance of ADL activities (90). 

Ethics 
The studies were approved by the Regional Ethical Board (EPN Uppsala Log. 
No. 2010/229 and Log. No. 2015/107) 

Statistical methods 
Statistics were calculated using the SPSS statistical program version 20 (study 
I), version 24 (study II) and version 26 (studies III–IV). Due to the small sam-
ple size and unknown distribution, we consistently used non-parametric tests. 
One-sample Wilcoxon signed rank test was used to compare values for 
RAND-36 with Swedish references (SF-36) and to compare means with nor-
mative data of performed tests. Spearman’s rank correlation coefficient was 
calculated to investigate the association of age at diagnosis with cognitive and 
academic performance. The Mann Whitney U test was used to compare the 
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patients with the control group in the Mini-BESTest and concerning age, 
weight and length. The level of significance was set at p<0.05. As this was an 
exploratory study, we did not adjust for multiple comparisons and p-values 
were interpreted with caution. 
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Results 

Paper I 
The mean age at diagnosis for the 193 patients included was 9.0 years (median 
9.8 years) with a male dominance (male/female ratio of 1.4/1). We could not 
find any factors that indicated an increased risk for CNS tumours in the family 
history, except in 4 cases with neurofibromatosis type 1 (NF-1) and 2 cases 
with von Hippel Lindau syndrome.  

At presentation the majority (87%) had a medical history without any pre-
vious disease and 97% evinced normal psychomotor development.  

Three larger tumour subgroups could be identified: astrocytic (n=62), em-
bryonal (n=27) and neuronal and mixed neuronal-glial tumours (i.e. glioneu-
ronal tumours, n=26). The astrocytic tumours consisted of 47 low- (42 pilo-
cytic and 5 diffuse astrocytoma) and 15 high-grade astrocytoma. Of those, 21 
were located in the posterior fossa, all low-grade pilocytic astrocytoma. (Table 
1) 
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Table 1. Distribution of tumour diagnoses in the cohort according to the 2007 WHO 
classification after neuropathological re-evaluation. 

The distribution of tumour diagnoses the  
cohort   

  

WHO classification 
 

Number Per cent (%) 

Astrocytic tumours 
Low-grade astrocytoma 
High-grade astrocytoma 

62 
47 

                  15 

32.1 
24.3 

                 7.8 

Embryonal tumours 
Medulloblastoma 
Supratentorial primitive neuroectoder-
mal tumour  

27 
22 

                    5 

                14 
11.4 

                  2.6 

Glioneuronal tumours 
Ganglioglioma 
Dysembryoplastic neuroepithelial  
tumour (DNET) 

26 
22 

                    4 

13.5 
11.4 

                   2.1 

Tumours of the sellar region 
Craniopharyngioma 
Pituitary adenoma 

15 
10 

                    5 

    7.8 
    5.2 

                   2.6 

Ependymal tumours                    11                     5.7 
Germ cell tumours                     9                     4.7 
Tumours of the pineal region                     6                     3.1 
Tumours of the meninges                     6                     3.1 
Oligodendroglial tumours                     5                     2.6 
Oligoastrocytic tumours                     4                     2.1 
Tumours of cranial and paraspinal 
nerves 

                    4                     2.1 

Choroid plexus tumours                     2                     1.0 
Other neuroepithelial tumours                     1                     0.5 
Unclassified                   15                     7.8 
Total                 193  

The tumours had a supratentorial location in 52%, evenly distributed between 
the hemispheres and the central and sellar regions, and 38% had an infraten-
torial location (2/3 in the cerebellum and 1/3 in the brainstem). Seven per cent 
were located in the spinal cord and 3 % in the cranial nerves or had multiple 
locations. There was a dominance of infratentorial tumours in the age groups 
3–10.9 years (embryonal and astrocytic). In the older age groups (11–17.9 
years), the supratentorial tumours dominated with glioneuronal tumours as the 
most common type (Figure 4). 
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Figure 4. Tumour location 

Tumour biopsies were performed in 170 patients (88%) and were available for 
re-evaluation in 166 patients. After re-evaluation the original PAD was 
changed in 14 cases, 9 of them from the years 1995–99.  

The most common symptoms at diagnosis were headache, nausea and vom-
iting, indicating increased intracranial pressure (ICP), followed by cranial 
nerve disturbances mainly affecting vision (double vision, visual acuity and 
visual field disturbances), motor symptoms (balance disturbance, clumsiness, 
ataxia and hemiparesis) and seizures (Table 2).  

Fifty-five per cent had duration of symptoms less than 3 months before 
neuroradiological diagnosis. However, there were also 26% with duration of 
symptoms more than 6 months. 
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Table 2. Symptoms at tumour diagnosis 

Symptoms at tumour diagnosis   
Symptoms Number Per cent of cases (%) 
Headache, nausea, vomiting 108 56.0 
Symptoms from cranial nerves 67 34.7 
Motor 56 29.0 
Unspecific (fatigue, weight loss) 46 23.8 
Seizures 35 18.1 
Hormonal disturbances 10 5.2 
Incidental diagnosis 8 4.1 
Acute loss of consciousness 6 3.1 
Increasing head circumference 6 3.1 
Missing 1 0.5 

The 5-year overall survival (OS) rate was 77% (n=149); the highest mortality 
was seen among patients with embryonal tumours, with 59% 5-year OS. Pa-
tients with astrocytic tumours had 71% 5-year OS (7% among patients with 
high-grade astrocytoma and 91% with low-grade astrocytoma); patients with 
glioneuronal tumours had 100% 5-year OS.  

The presence of long-term complications was evaluated in the 148 patients 
living ≥ 5 years after diagnosis, excluding 1 who was lost for follow-up. The 
most common neurological complications included difficulties with visual 
and motor functions followed by impaired hearing and epilepsy. Nineteen per 
cent of all patients had no neurological complications (Figure 5). 
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Twenty-six per cent of the whole sample had some kind of endocrinological 
complications, with growth hormone deficiency as the most common. These 
affected mainly children treated for embryonal and sellar tumours. 

Seventy-two patients had been assessed pre-operatively by a neuropsy-
chologist and 60% of these performed below the norm for their age. 

Seventy-four patients performed neuropsychological investigations within 
24 months after treatment. Of these, 50 patients had an abnormality in their 
test results. The findings included a variety of cognitive difficulties with no 
clear pattern.  

Ninety-six percent of the patients were enrolled in mainstream schools. Of 
these, 30 per cent had extra pedagogic support to some extent. The remaining 
3% of the patients were enrolled in classes for children with cognitive disabil-
ities.  

During medical follow-up visits, questions about specific learning difficul-
ties after CNS tumour treatment were asked, and 48 % of the parents reported 
that their children had such difficulties. Children with low-grade astrocytoma 
reported learning difficulties in 41% (17 of 41), and those treated for pilocytic 
astrocytoma in the posterior fossa in 47% (9 of 19). Among those with glio-
neuronal and embryonal tumours, parents reported learning difficulties in 58% 
and 88% of the patients, respectively.  

Paper II 
The patients´ mean age at diagnosis was 8.7 years (median 8.2 years), with a 
distribution presented in Figure 6.  

The mean age at participation in the study was 20.8 years (median 23.0 
years); the youngest was 9, and the oldest was 33 years. Mean time from di-
agnosis to the study was 12.4 years (median 12.5 years, range 5–19 years).  
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Figure 6. Age at diagnosis 

Eighteen patients had no family history of malignant diseases including brain 
tumours; 3 reported tumours in first-grade relatives (2 cases of breast cancer 
and 1 case of lung cancer). Information was unavailable for 1 patient.  

Twenty-one patients evinced normal psychomotor development prior to di-
agnosis, and 1 patient, diagnosed at 1 year of age had early symptoms from 
the tumour affecting development of motor function.  

No patient had a history of neuropsychiatric disorders. Twenty patients 
were reported as healthy before the tumour diagnosis; 1 patient was treated 
for strabismus and 1 for leg-length discrepancy due to an infection at an early 
age. 

The most common symptoms at tumour diagnosis were headache, vomiting 
and nausea, (Figure 7). Twelve patients had papillary oedema; information 
about this sign was lacking in 3 patients. Seventeen patients had hydrocepha-
lus at diagnosis, but no one needed a ventriculo-peritoneal shunt after surgery. 

Twelve patients had symptom duration shorter than 3 months and 4 patients 
longer than 12 months.  
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Figure 7. Symptoms at tumour diagnosis 

All patients were treated surgically; in 19 patients the operation was consid-
ered radical. Three patients had a remaining tumour and were re-operated 
shortly after the initial operation. After surgery, 3 patients had CSF leakage 
and 4 developed meningitis. Three patients relapsed: 1 was treated with sur-
gery, 1 with surgery and chemotherapy and 1with gamma-knife radio surgery. 
One patient relapsed again in 2018, and discussions with the pathologists re-
sulted in the conclusion that it is still a low-grade tumour of the same type. 
This patient and the other 2 are still being followed up with MRI investiga-
tions. No patient died.  

Motor complications were the most commonly reported sequelae in 12 pa-
tients (Figure 8), mainly influencing fine-motor skills, including tremor, dex-
terity and reduced strength in the hands. Two patients had changed handedness 
from right to left and 3 patients evinced difficulties with balance. Five patients 
had visual symptoms, mainly strabismus. One had papillary oedema affecting 
vision at presentation and persistent visual impairment. None had suffered 
from posterior fossa syndrome.  
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Figure 8. Medical outcome 

Two adults have been treated with anti-depressive medications. No one ful-
filled the criteria for a neuropsychiatric diagnosis or has had behavioural dif-
ficulties. 

Five patients had undergone neuropsychological testing before tumour sur-
gery. Four had normal results, and 1 displayed a short auditory attention span. 

Postoperatively, 15 patients underwent neuropsychological testing; 9 had 
average results compared with norms, and 6 below.	 There was great variation 
in the timing of the investigation related to the time of surgery; 12 patients did 
the first investigations 1 week–15 months postoperatively and 2 investigations 
were performed 2, 5 and 8 years after surgery respectively. There were also 
variations in the test battery used. Difficulties included slow processing speed, 
working memory and auditory processing. 

Seven patients (3 children and 4 adults) reported cognitive difficulties af-
fecting performance in school and daily life. In primary school, 11 had re-
ceived extra educational support. No one received extra support in high school 
(n=14; 7 were below age for high school during this investigation, and 1 had 
almost finished high school at the time of diagnosis).  

Five adults had completed or were studying at university. One had studied 
a few university courses; 3 patients had finished vocational training; and 1 
patient was taking part in adult education. Four patients had not studied after 
high school. 

All 8 children lived with their parents.  In the adult group, 4 were single; 4 
had girl- or boyfriends but did not cohabitate; 1 was single with children; and 
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5 were married or cohabitated with children. No one reported difficulties with 
social relations. 

Thirteen adult patients, including one who only took part in the telephone 
interview completed RAND-36 (Table 3). The mean domain scores compared 
with the Swedish age-matched reference sample for SF-36 were comparable 
with norms. The score for vitality (VT) was on the border of statistical signif-
icance (p=0.054).  

Table 3. Results of RAND 36 

Results of RAND 36    

Domain Mean values for 
participants 

Mean values of the 
reference sample (SF 
36) 

p-values 

PF Physical functioning 92.69 94.9 0.501 
RP Role physical 88.46 90.7 0.124 
BP Bodily pain 80.96 81.2 0.972 
GH General Health 72.69 82.0 0.152 
VT Vitality 63.46 70.8 0.054 
SF Social Function 89.42 91.7 0.803 
RE Role Emotional 84.61 88.2 0.971 
MH Mental Health 79.38 81.8 0.752 

Eleven adults and 1 child aged 17 years completed Beck Anxiety Inventory 
and Beck Depression Inventory; 3 adults did not participate. Ten patients had 
minimal, 1 mild and 1 moderate levels of anxiety. As for depression, 11 had 
minimal levels and 1 mild.  

All 7 children completed the questions for the 5 scales of Beck Youth In-
ventories. In the scales scoring anxiety, depression, disruptive behaviour and 
anger all had results on the mean levels. For self-esteem, 1 scored high, and 
the rest had results on the mean. 

Paper III 
In study II it is reported that 7 patients had learning difficulties. However, 
when results were collected for study III, an additional adult was identified to 
have these types of difficulties.  
 
Intelligence tests 
Four children and 12 adults performed WISC IV and WAIS IV, and 4 children 
performed WISC V except for verbal comprehension, where 1 child did not 
complete the subtest. Results are summarised in Table 4.  
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 In FSIQ 3 scored low average (IQ 85-92) and 4 had borderline results (IQ 
70-84). The worst mean subtest results were in verbal comprehension and pro-
cessing speed and the best in perceptual reasoning.   

In WISC V, the lowest mean subtest results were in verbal comprehension 
and the highest in working memory and processing speed.  

There was no correlation between age at diagnosis and results of WISC IV 
and WAIS IV (p=0.154) or WISC V (p=0.895). 

Table 4. Results of WISC IV, WISC V and WAIS IV 
Results WISC IV, WAIS IV and WISC V 
 

 Num-
ber 

Mean SD Me-
dian 

Mini-
mum 

Maxi-
mum 

p-values 

WISC IV 

and WAIS 

IV 

       

FSIQ 16 97.8 17.0 98.5 72 122 0.609 
Verbal  
compre-

hension 

16 93.1 16.2 95.0 67 124 0.101 

Percep-

tual  
reason-

ing 

16 107.1 19.0 111.0 68 134 0.126 

Working 

memory 
16 97.6 14.5 93.0 76 122 0.500 

Pro-

cessing 

speed 

16 94.3 11.6 94.0 76 117 0.061 

WISC V 
 

       

FSIQ 4 96.5 11.8 101.5 79 104 1.000 
Verbal  
compre-

hension 

3 86.7 10.3 84.0 78 98 0.109 

Visuospa-

tial  
index 

4 98.5 11.7 101.0 84 108 1.000 

Fluid in-

dex 
4 97.0 10.7 100.0 82 106 0.854 

Working 

memory 
4 109.3 9.9 107.5 100 122 0.109 

Pro-

cessing 

speed 

4 106.5 19.1 107.0 83 129 0.465 
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Tests of executive function 
Results for the subtests of D-KEFS (Figure 9) show mean results for TMT 
number-letter switching, 8.6 (SD 4.5) and for D-KEFS tower 10.4 (SD 2.8). 

 In color-word inhibition mean results were 8.1 (SD 4.0) and in color-word 
inhibition/switching 6.9 (SD 3.9). The result for color-word inhibition/switch-
ing was significantly below the norm, p=0.004.  

 
Figure 9. Results of tests of executive functions (TMT, Tower and Color-word) 

In BRIEF, the patients and parents/relatives scored average levels in the indi-
ces, GCS, BRI and MI. The results were below the cut-off level for executive 
difficulties. 

Test of visuospatial construction skills and visuospatial memory 
All patients performed RCT, but 2 had very low results that did not yield any 
valid T-scores and therefore were not included in the mean scores for the sam-
ple. For immediate recall the mean value was 47.0 (SD 14.4) and for delayed 
recall 45.8 (SD 13.9). The results were in the normal range, with a distribution 
shown in Figure 10.  
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Figure 10. Results of RCT: Immediate (blue) and delayed (red) recall 

Test of language function 
CELF-4 
Five children between 9–13 years completed the tests; all results were in the 
average range. 

BNT 
Sixteen patients performed BNT (13–33 years), the mean value was 49.8 (SD 
7.1), which was significantly below the norm (p=0.049). 

BeSS 
Fifteen patients (aged 14–33 years) performed BeSS. The results were not sig-
nificantly different from the mean, except for inference, where results were 
significantly below mean (p=0.046). In comprehension of logico-grammatical 
sentences and comprehension of ambiguous sentences, the results were sig-
nificantly above mean (p=0.001 and p=0.001 respectively). 

Tests of word fluency 
All results were average compared with age norms.  
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Figure 11. An examination by a speech and language therapist 

Tests of academic performance 
Eight children completed the tests; 2 children did not perform the reading-
speed test due to low age, and 1 patient did not perform the spelling test. The 
results for reading speed were significantly lower compared with norms 
(p=0.024), and the other items were comparable with norms (Figure 12). There 
was a significant correlation between age at diagnosis and reading speed 
(p=0.017). 
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Figure 12. Results of the academic tests in writing, reading, and mathematics 
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Paper IV 
Reported motor performance 
Ten participants, 4 children and 6 adults, reported motor difficulties that af-
fected motor performance to some extent (Table 5). Six had difficulties affect-
ing the upper limbs and 2 affecting balance, while 1 experienced one-sided 
muscular weakness. One patient had a pronounced difference in leg length not 
related to the brain tumour operation.  

Table 5. Motor difficulties reported in interviews 
Motor difficulties reported in interviews 
 

 No. Children Adults 

Upper limb    
Slow movements in the left hand 1  1 
Tremor in the hands during work  1  1 
Increased fatigability in the left hand  1 1  

Less function in the left arm  1 1  
Tremor in the left hand  1 1  
Changed handedness from right to 
left  

1  1 

    
General motor and balance difficul-

ties 

   

Slight balance problems 1  1 
Tremor in the left side and balance 
difficulties  

1  1 

Muscular weakness in the left side 1 1  
Leg length difference 1  1 
Total 10 4 6 

Tests of Motor performance 
All 20 participants performed BOT-2 (Table 6), and the results were average 
compared with norms, except for manual dexterity, which was significantly 
below mean (p=0.008), and a tendency towards low results in the subtest bal-
ance (p=0.051). Nine patients had a result below -1 SD in balance, 6 of them 
(4 adults and 2 children) reported motor difficulties in the interviews. In man-
ual dexterity, 7 had a result below -1 SD, 4 of them (2 children and 2 adults) 
reported difficulties in the interview, and 3 had also difficulties with balance.  
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Table 6. Results of BOT-2 for all, children and adults. P-values are presented sepa-
rately for children and adults when significant for the whole population 

Results BOT 2 
 
 
 Number Mean SD Median Minimum Maximum p-values 
Bilateral  
coordination 

       

All 20 15.2 4.5 17.0 6 20 0.625 
Children 8 16.4 4.1 17.5 9 20  
Adults 12 14.4 4.7 17.0 6 18  
Balance        
All 20 12.1 6.1 11.5 4 22 0.051 
Children 8 11,6 6.9 10.0 4 22  
Adults 12 12.3 5.8 12.0 4 21  
Running 
speed and 
agility 

       

All 20 16.5 4.9 17.5 4 25 0.095 
Children 8 16.9 4.4 18.0 8 21  
Adults 12 16.3 5.4 17.0 4 25  
Strength        
All 20 14.6 4.2 14.5 7 24 0.569 
Children 8 14.9 3.1 15.0 9 20  
Adults 12 14.3 4.9 13.5 7 24  
Fine motor  
precision 

       

All 20 16.6 4.1 19.0 10 23 0.148 
Children 8 17.7 3.9 18.0 11 23  
Adults 12 15.7 4.1 19.0 10 19  
Fine motor  
integration 

       

All 20 14.6 5.0 13.5 7 23 0.707 
Children 8 14.7 5.4 13.0 7 23  
Adults 12 14.6 5.0 16.5 7 20  
Manual dex-
terity 

       

All 20 12.0 4.1 11.5 6 22 0.008 
Children 8 11.9 3.7 12.5 6 17 0.049 
Adults 12 12.1 4.6 11.0 8 22 0.083 
Upper-limb  
coordination 

       

All 20 15.8 3.8 16.5 7 21 0.320 
Children 8 13.6 4.4 14.0 7 20  
Adults 12 17.2 2.8 18.0 11 21  
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Figure 13. Performance of one of the balance tests in BOT-2 

 
In PCI, the patients had average results compared with the reference values, 
and they rated the exertion as very light according to the RPE scale.  

Results of the 6MWT in meters showed average results compared with 
norms. All female participants scored exertion as somewhat hard according to 
the RPE scale, while males 12–15 years scored exertion as very light, and 
those above 16 years as light. 
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 All results in Hand grip strength were average compared with age norms.  

Twenty-four children (8 patients and 16 controls) and 33 adults (11 patients 
and 22 controls) performed the Mini-BESTest (Figure 14). There were no sig-
nificant differences between the patients and controls concerning age, length 
and weight (p=0.857, p=0.884 and p=0.657 respectively). The patients had 
significantly lower results compared with the controls for the whole sample 
(p=0.036) and for the children (p=0.016).  

 

Figure 14. Results of the Mini-BESTest for patients (n=19) and controls (n=38) 

Test of performance of activities of daily living (ADL) 
All patients performed AMPS (Table 7). Examples of assessed tasks included 
making omelettes or scrambled eggs with added ingredients, baking a cake, 
muffins or brownies, and making a fresh fruit salad and an open-face meat or 
cheese sandwich with sliced vegetables.  
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Figure 15. Baking muffins in the performance of AMPS 

Children 9–15 years old had average results compared with norms for both 
motor and process ADL. Four had results below the cut-off level of 2 logits 
for motor ADL, and 1 patient had a value below cut-off for process ADL. 
Patients over 16 years had significantly lower results for motor ADL com-
pared with norms (p=0.01) and significantly higher for process ADL 
(p=0.023). Two patients in this age group had results below the cut off level 
for motor and 1 for process ADL. 



 51 

Table 7. Results of AMPS in logits 
Results AMPS in logits 
 

 

Age in 
years  

N Mean SD Me-
dian 

Min Max p-values Number below the 
cut-off level 

Motor 

ADL 

        

9–15 7 1.8 0.35 1.8 1.33 2.18 0.108 4 
16– 13 2.4 0.32 2.5 1.7 2.6 0.01 2 
         
Process 

ADL 

        

9–15 7 1.2 0.5 1.1 0.38 1.99 0.735 1 
16– 13 1.5 0.4 1.4 0.38 2.05 0.023 1 
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Discussion 

In this thesis we have performed a retrospective study of all children treated 
for CNS tumours 1995-2006 and 3 cross-sectional descriptive studies of pa-
tients treated for low-grade astrocytoma in the posterior fossa 1995-2011.  We 
believe that the cohort in these population-based studies is representative of 
the CNS tumour population in a tertiary referral centre for children with CNS 
tumours in Sweden.  

It is a common understanding and often described that the location of CNS 
tumours in children is predominantly infratentorial (47). Our study argues 
against this description, as a slight majority of the tumours were found to be 
supratentorial (52%). However, if the patient group is divided into different 
age groups, there was a predominance of infratentorial location in the age span 
3–10.9 years, where embryonal and astrocytic tumours had their peaks. This 
pattern is also described in a paper by Udaka (1), where it is stated that su-
pratentorial tumours are more common in children and infants up to 3 years 
of age and again after age 10. In the ages between 4 and 10 infratentorial tu-
mours are more common. 

In study I we found a high frequency of glioneuronal tumours which makes 
this tumour type the third most common CNS tumour after astrocytic and em-
bryonal tumours. This also explains the relatively high percentage of seizures 
(18%) as a debut symptom compared to other studies (17, 92). One reason for 
the high number of glioneuronal tumours in our sample may be that this tu-
mour type is often registered in Epilepsy Surgery registers rather than Brain 
Tumour registers. Due to our local tradition in Uppsala, with close collabora-
tion between the paediatric neurology and oncology departments, the patients 
with glioneuronal tumours are regarded as brain tumour patients and thus also 
registered in the National Brain Tumour registry, which can explain the higher 
number in our sample. The finding emphasises the importance of performing 
neuroradiological investigations in children with focal seizures to rule out the 
existence of a brain tumour. 

Although signs of elevated ICP together with cranial nerve disturbances are 
the most common presenting symptoms of childhood CNS tumours, motor 
and unspecific symptoms together with seizures constitute a non-negligible 
part of the debut symptoms. Also, an increase in ICP often occurs slowly over 
a longer period, and during that time symptoms suggestive of increased ICP 
can be hard to interpret. Taken together, this can be an explanation for some 



 53 

of the delays in making a CNS tumour diagnosis, as neuroradiological inves-
tigations have been postponed in search of other explanations. It is worth not-
ing that 26% of all patients, and 27 % of patients treated for low-grade astro-
cytoma had a symptom duration of more than 6 months. To understand the 
presenting symptoms of a brain tumour early is of great importance. In the UK 
a NICE (National Institute for Health and Care Excellence) accredited guide-
line has been published to help clinicians in the assessment of children who 
may have a brain tumour (https://assets.headsmart.org.uk/live/me-
dia/filer_public/8e/c3/8ec36f34-1c0d-4c3c-bc5f-706570b7af34/brain_path-
ways_guidelines_final.pdf) to shorten the time from debut of symptoms to di-
agnosis. Establishing such a guideline in Sweden would be of great im-
portance, since children with symptoms indicating the presence of a brain tu-
mour are still missed in the health care system. As a result, the diagnosis is 
often made late. If the time from start of symptoms to diagnosis is prolonged, 
there is a risk of worsening both initial symptoms and outcome. It is also im-
portant that guidelines include a referral route from primary care to the paedi-
atric department.  

Biopsies were performed in most cases and were in the majority retrieved 
and re-evaluated. The neuropathological re-evaluation was highly consistent 
with the original PAD. A change of primary diagnosis was observed in only 
14 cases. In the majority of these (n=10) the change of PAD did not have any 
clinical implication. For the remaining 4 cases it could have been of im-
portance for the treatment strategies chosen and might have affected long-term 
outcome. Among pilocytic astrocytoma in the posterior fossa, all biopsies 
were consistent with the initial diagnosis. 

Medical and cognitive complications were a common finding in long-term 
survivors of childhood CNS tumours and were found among patients treated 
for both high- and low-grade tumours. For the whole group treated for low-
grade astrocytoma, it was not possible to find any typical abnormality, proba-
bly due to heterogeneity in tests, a variation in tumour location and age at 
assessment.  

When comparing the frequency of pre- and postoperative neuropsycholog-
ical abnormalities, no striking difference could be observed. We suspect this 
may be due to early brain damage inflicted by the tumour itself. A pre-opera-
tive neuropsychological investigation will always have limitations if used as 
a reference before disease onset, i.e. the acute symptoms the children experi-
ence will affect the results obtained. The fact that medical reports suggest that 
the vast majority of children underwent normal psychomotor development and 
attended mainstream schools before being diagnosed with a CNS tumour un-
derlines this notion. 

It is important to note that the high numbers of cognitive late effects and 
reported learning difficulties do not necessarily reflect the situation in school. 
The finding that only 32% of the children received pedagogic interventions 
(special support or education) indicates that there are unmet educational 
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needs. It is also hard to get a clear picture of the content and extent of the 
pedagogic interventions, since this is not recorded in detail in the medical rec-
ords. The information about learning difficulties in the medical records is re-
garded to be robust, since the information from patients and parents is thor-
oughly recorded, and detailed questions had been asked about the nature of 
difficulties. Otherwise this type of information can be hard to evaluate, since 
it is common that parents report that, during visits with the paediatrician, their 
children do not get enough support in school. 

The long-term outcomes of the investigated patients treated for pilocytic as-
trocytoma in the posterior fossa were in general favourable, with excellent 
tumour control (survival rate 100% and only 3 patients relapsed after initial 
surgery) and favourable functional outcome after treatment. However, 40% of 
the patients showed physical, mainly motor and visual, symptoms, and/or 
learning difficulties. These difficulties were reported in the interviews and ob-
served in the investigations performed and affected the patient’s everyday life 
to some extent. This is in accordance with results from other studies showing 
age-appropriate ability to perform daily activities. However, a part of the par-
ticipants in these studies had motor complications (fine-motor skills and bal-
ance), difficulties in school and behavioural and emotional adjustment dis-
turbances (55, 57, 58).  

The levels of depression and anxiety were not increased in the adult group 
according to results of BAI and BDI–II, though 2 patients had previously been 
treated with anti-depressive medications. Among the children, all had scores 
at the mean for all items in Beck Youth Inventory, indicating no increased 
levels of psychiatric symptoms. There were no difficulties with behaviour or 
social relations. In a study by Zuzak et al. (57), HRQoL was similar to that of 
healthy controls. We found the same result in the adult group, but it is worth 
noting that the vitality score was on the level of statistical significance. This 
score reflects the person’s level of subjective well-being and may indicate an 
impact of having suffered from a potentially life-threatening disease during 
childhood. In interviews with the neuro-psychologist, 11 patients out of 20 
reported that they were often worried, which also can be an indicator of re-
duced well-being.  

The results of the intelligence tests show that the patients scored average 
results in all indices with a scattered pattern, which is in accordance with other 
studies (93). In a study by Khajuria (94) on different types of cerebellar tu-
mours tested with WISC III, patients treated for pilocytic astrocytoma scored 
low regarding performance IQ. This is not in coherence with our findings, 
where patients scored the highest results in perceptual reasoning, the subtest 
most resembling performance. One explanation for this can be that later ver-
sions of WISC and WAIS include different indices and subtests compared 
with WISC III, where the performance and verbal IQ scales are replaced by 
four index scales, verbal comprehension, perceptual reasoning, working 
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memory, and processing speed. The consequence is that the different versions 
are not entirely comparable and do not measure exactly the same functions. 
Another explanation could be the small samples in both studies (94). The dis-
parity in the results is nevertheless interesting.   

In the tests of executive functioning, 4 had results <-2 SD and 1 <-1 SD in 
color-word inhibition, and the result for inhibition/switching was significantly 
below average. This indicates difficulties with inhibition and cognitive flexi-
bility, which are parts of the executive processes responsible for purposeful 
goal-directed behaviour and the ability to perform novel or complex tasks 
(95). Even if the mean results in RCT were in the normal range, 50% and 45% 
of the patients had results < -1 SD in immediate and delayed recall, respec-
tively, indicating difficulties with visuospatial construction and memory. In 
addition, RCT can provide information about executive performance, for ex-
ample cognitive flexibility, organisation, and working memory (96). Thus, our 
findings suggest impaired executive functioning. Although BRIEF did not 
show any significant results in the different composite indices, 54% of the 
adults reported difficulties in the subscales planning/organisation, flexibility, 
and with initiating activities. Moreover 45% reported difficulties with work-
ing memory and 36% with inhibition. This shows that the adult patients expe-
rienced executive difficulties in daily life that can be revealed when the sub-
scales in BRIEF are analysed. Thus, there is a risk that these difficulties can 
be missed if only the results of the composite indices are included in the anal-
ysis.  

Results of language tests did not show significant language difficulties; ex-
cept that BNT and the BeSS subtest inference (which tests the ability to reach 
a conclusion about something from known facts or evidence) were signifi-
cantly lower than average.  

The children who performed the academic tests scored mean results in all 
tests, except for reading speed, which was significantly low compared with 
norms. Being a slow reader might affect the child’s ability to follow tuition in 
school, but it can also affect the ability to participate in quick conversations 
with peers. If a child is unable to keep up with a conversation, there is a risk 
for loneliness and social isolation. These results are in accordance with a study 
by Lönnerblad on numeracy and literacy in children treated for brain tumours 
(77).  

We found no correlations between age at diagnosis and the results of the 
intelligence tests. One explanation can be that two thirds of the patients got 
their tumour diagnosis when they were 7 years or older, and had passed the 
earlier ages with greater vulnerability in the CNS. This finding of no such 
correlation is in accordance with a study by Pletschko (97). However, we 
found that age at diagnosis and reading speed were significantly correlated. 
An explanation could be that 3 of the 6 children who performed the test and 
had the lowest results were diagnosed between 1 and 4 years. Even if the sam-
ple is small, this suggests that young children with an immature brain are more 
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susceptible to damage, which may lead to learning difficulties (98). Young 
age is considered to be a risk factor for complications after acquired brain 
injuries in general, and this also applies to brain tumours (18, 99). 

There are contradictory results in the literature concerning the association 
between tumour location in the cerebellum and neurocognitive outcome. In a 
study by Khajuria (94), there was no significant association between tumour 
location and neurocognitive outcome, which was also reported by Beebe (47). 
Due to our small sample, we could not perform any investigations concerning 
this. 

No patient fulfilled all criteria for CCAS, although there were indications 
that some of the patients had impaired executive and language functions. 
Moreover, none of the patients suffered from CM.  

Results of the investigations of motor performance indicate that the patients 
had difficulties with manual dexterity. The patients also had significantly 
lower results compared with controls in the test of dynamic balance with the 
Mini-BESTest, and 45% of the patients had results in the lower range in bal-
ance in BOT-2. Results of PCI, 6MWT and hand grip strength showed no 
indications of decreased physical function. The patients’ results of AMPS 
showed average results in motor and process ADL skills, despite the fact that 
30% had results under the cut-off level for difficulties in motor ADL.  

Manual dexterity, as measured in BOT-2, includes complex activities im-
portant in daily life, such as holding and using eating utensils, buttoning but-
tons, handwriting, and recreational activities such as playing cards and putting 
together puzzles (78). This type of more subtle difficulties may not be detected 
or discussed either in follow-up visits in the health care system or in school. 
Thus, they are easy to miss, and the patients can unjustly be regarded as 
clumsy or careless. This type of more subtle difficulties in these patients is 
also reported in other studies (33) and are important to detect. For the patients, 
at least an explanation of why they have these types of difficulties can be of 
some relief.  

Turner stated in a review (100) on the effect of treatment for childhood 
cancer (acute lymphatic leukaemia, ALL and CNS tumours) that balance abil-
ities in survivors are decreased when compared with healthy controls, alt-
hough few of the studies included investigated dynamic balance. The authors 
suggest that studies should evaluate dynamic balance, since this is more 
clearly related to functional tasks. In our study, dynamic balance was evalu-
ated with the Mini-BESTest, and, since this test has not been used before in 
children and young adults, a control group was used for comparison. Results 
show that there was a significant difference between patients and controls and 
also for the whole group of children and their controls, which is an indication 
that the patients had difficulties with these balance tasks. To get a more com-
plete understanding of functional balance difficulties, there is a need to per-
form more targeted tests, and the Mini-BESTest seems to fulfil this purpose. 
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Küper et al. (101) performed a longitudinal study of the restoration of func-
tion after cerebellar tumour removal and found a substantial improvement of 
motor function after tumour resection over the time course of the first-year 
past surgery. They argue that due to the fact that maturation of the cerebellum 
is still ongoing during childhood and adolescence, functional recovery may 
differ depending on age at injury. However, they state that the lesion site and 
not age-at-surgery is critical for the motor recovery (101). In our study, self-
perceived difficulties with motor functions were reported among both children 
and adults. Test results in balance or manual dexterity in BOT-2 below -1SD 
were recorded in both children and adults, both among those with and without 
self-perceived motor difficulties. Due to the fact that this is a cross-sectional 
study and the sample is small, we have not been able to confirm either that the 
patients’ functions were improved over time or the effect of tumour location.

In the interviews, 40% patients reported learning difficulties in school. 
Among these we found the lowest test results in the performed investigations, 
which stress the importance of performing a whole battery of cognitive, lan-
guage and academic tests in order to identify patients with potential learning 
difficulties. In two studies by Lönnerblad, patients treated for brain tumours 
in childhood performed worse in Swedish, mathematics, and English, as well 
as in practical subjects, including physical education, compared with controls 
(98, 102). Interestingly, there were no differences in outcome between survi-
vors treated for high- or low-grade tumours. This underscores that children 
treated for low-grade tumours are at risk for poor results both in theoretical 
and practical subjects, including physical education. It also strengthens our 
findings of cognitive and motor difficulties in a non-neglectable part of the 
investigated patients. For children treated for tumours in the posterior fossa, 
the pattern of function loss may be a consequence of the tumour location and 
lesions to the complex cerebro-cerebellar circuits, following treatment (93).  

Five of the 8 patients with learning difficulties also reported motor diffi-
culties, which is of interest in understanding the relationship between cogni-
tive functions and motor skills. In the study by Rueckriegel (33), a significant 
association was found between IQ scores, especially performance IQ and fine 
motor function. It was not possible to decide if this association was caused by 
a direct negative influence of fine motor impairment on the test methodology 
or a coincidence of coexisting fine-motor and cognitive deterioration. How-
ever, the author states that these findings are in line with other studies (33) and 
that the association of motor and cognitive loss would predominantly be 
caused by the loss of cerebellar structures involved in cognition and motor 
function. This combination means that special attention should be directed to-
wards children treated for cerebellar tumours, since there is a risk for a com-
bined burden of both learning and motor difficulties.    

Exercise training has proven to improve physical functioning, mood and 
cognitive performance (103), which also has been shown in children treated 
with radiation (103-105). Although patients treated for pilocytic astrocytoma 
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have a lesser degree of motor and cognitive impairments, they still have diffi-
culties in these domains and might benefit from physical training. Seven of 
our patients who reported motor difficulties, and 2 without, had contact with 
a physiotherapist after treatment, although they did not take part in any formal 
training program during any extensive period. This indicates that motor per-
formance is considered important and at least some of the patients received 
training of motor skills. However, further training opportunities are often 
sparse and/or it can be hard to maintain the motivation for training over time. 

The adult patients treated for pilocytic astrocytoma had an educational and 
psychosocial situation comparable to the general Swedish population in the 
same age groups (106), which is also reported in other studies (55, 58). This 
is worth noting as a contrast to the reported late effects for patients treated for 
CNS tumours (18, 45), who often have a difficult educational and social situ-
ation. Still, some of the patients investigated had to struggle hard to be able to 
carry through their education.  

 In a study by Pletschko et al. (97), patients treated for pilocytic astrocy-
toma showed satisfactory academic achievement, but when they were com-
pared with high achievers (i.e. medical students) specific cognitive impair-
ments became apparent. It is of importance to detect these kinds of more spe-
cific cognitive difficulties of potential importance for academic results, which 
may be hard to discover using formal tests. For the person treated for a brain 
tumour, an average academic result may not be satisfactory, especially if the 
person has been a high achiever before treatment and has higher expectations 
on his/her own learning ability. To be unable to achieve a desired education is 
in itself a burden for the affected individual.  

To get a true picture of the patient´s actual functioning in everyday life, 
clinical tests are probably of limited value, since the tests are often performed 
in an adapted environment. In this study, it was possible to get a glimpse of 
the adult patient´s abilities to handle practical functions when preparing for 
the participations of the study. At least some of the patients needed extra sup-
port with preparation, information and practical advice before and during the 
stay at the Folke Bernadotte Regional Rehabilitation Centre.  

 The patient´s learning difficulties were not dealt with in school, despite the 
fact that for some of the patients, difficulties had been diagnosed in earlier 
neuropsychological investigations. The difficulties could also be confirmed in 
the present investigations, and the patients also reported that they had strug-
gled hard to complete their schoolwork. The extra support given was mainly 
in primary school and during the time immediately after surgery. No one re-
ceived extra support in high school. For these patients, further academic sup-
port would have been warranted. 



 59 

The limitations of the studies include the retrospective design in study I and 
partly in study II, with varying amounts of information in the medical records. 
Data from cognitive and neuropsychological assessments had limitations, with 
often sparse information in neuropsychological records and heterogeneity in 
tests. Overall, it was difficult to retrieve the formal WISC documents with 
scale scores. For other tumour groups, there was only a written summary, 
without scale scores, of the neuropsychological assessment in the medical 
journals. In studies II–IV, limitations comprise the small number of patients 
and the cross-sectional design. Because of this, we have not been able to per-
form investigations to link observed cognitive and motor difficulties with tu-
mour size and anatomical location in the posterior fossa or any casual rela-
tionships.  

The strength of the studies includes the fact that the registries in Sweden 
contain information on almost all children and adolescents with a CNS tu-
mour; hence we believe that we have been able to include all brain tumours 
diagnosed in the same tertiary referral centre in Sweden. It has been possible 
to identify all 27 children and young adults diagnosed with low-grade astro-
cytoma in the posterior fossa in childhood and treated at the same hospital 
during a defined time period and to follow-up 20 (74%), and include addi-
tional 2 in telephone interviews. This entails a low risk for selection bias. A 
thorough analysis of hospital medical records has been done. Thus, we have 
been able to get broad information about factors related to the disease process, 
including onset of tumour symptoms and occurrence of late effects. The fol-
low-up period was also long (mean time 12.45 years; range 5–19 years). More-
over, the fact that we have had personal contact with the patients for 2 or 3 
days has given us a deeper understanding of the impact of having been treated 
for a brain tumour. This has also enabled us to obtain information that would 
have been hard to discover if only information from questionnaires and med-
ical records was used.  
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Conclusions 

Long-term complications are common in survivors of CNS tumours in child-
hood. Low-grade tumours, including low-grade astrocytoma, are no excep-
tion. For children treated for pilocytic astrocytoma in the posterior fossa, the 
functional outcome is favourable. However, as many as 40% of the patients 
have neurological, cognitive and learning difficulties, as well as difficulties 
with motor performance, especially balance, manual dexterity and motor 
ADL. This may lead to challenges in daily life, especially among those with a 
combination of motor and learning difficulties. These difficulties can be re-
vealed by motor, neuro-cognitive and academic testing, including interviews 
of academic performance in school. Therefore, it is imperative to identify 
those in need of more thorough motor and cognitive follow-up programs, in-
cluding interventions in school. There is a need to establish methods for cog-
nitive and motor intervention and to evaluate the effect of motor training 
among these patients.  Moreover, appropriate collaboration between paediat-
ric neuro-oncology clinics and the educational system needs to be established.  
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Clinical implications and further perspectives 

One of the most common fears among children and their parents, when visit-
ing a paediatric neurologist, is that the child´s neurological symptoms might 
be caused by a brain tumour. Fortunately, brain tumours are relatively uncom-
mon, compared with other possible causes. However, some of the children 
will have a diagnosis of a brain tumour, which of course causes a great deal 
of stress and worries for the child and the whole family. Brain tumours as a 
group are heterogeneous, with different biological tumour behaviour and a 
range of possible medical, cognitive and psychological late effects. Despite 
this, there is a tendency to look upon brain tumours as a single disease, without 
looking to the differences that exists across different tumour types. On the 
other hand, challenges that children treated for low-grade tumours meet are 
often underestimated. Children with these tumours are often considered cured 
after treatment, and it is easy to underestimate the impact of the diagnosis. To 
be diagnosed with a brain tumour is in itself a trauma and the initial presenta-
tion and the emergency situation is the same irrespective of the final histologic 
diagnosis. Further oncologic treatment is an additional challenge, but patients 
who are only treated surgically often have the same worries about tumour re-
lapses and other complications. This was confirmed in the conversations with 
the patients and families in our study.  

There is need to enhance our knowledge about risk factors for complica-
tions for patients treated for all brain tumours. That radiation is a risk factor 
for neurocognitive complications is an established fact. For low-grade tu-
mours, knowledge about risk factors is more limited, and there is need to per-
form prospective studies including longitudinal follow-up to get more infor-
mation about this. Young age at diagnosis, but also tumour location and dif-
ferent pre-morbid factors are suggested to contribute to the long-term progno-
sis, but there is also a question whether neuro-markers can be used as possible 
prognostic tools.  

In the thesis, we have studied a group of patients treated for pilocytic as-
trocytoma in a specific localisation, the cerebellum/posterior fossa. This has 
given in-depth information about the patients’ experiences of being treated for 
this tumour type, which also makes it easier to give information to newly di-
agnosed children and to plan further care. The most important understanding 
is that 40% of these patients have complications in need of follow-up and fur-
ther interventions. However, we have not been able to study the impact of 
localisation within the cerebellum, mainly due to our small sample. Further 
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studies are needed to investigate the impact of localisation in the cerebellum 
concerning both cognitive and motor difficulties.   

Longitudinal studies where patients are followed over a longer time would 
be of interest to investigate if restoration of cerebellar functions continues over 
a longer time frame, including the impact of tumour localization within the 
cerebellum.  

In the investigation of dynamic balance with the Mini-BESTest, half of the 
subtests were recorded three times with simultaneous sensor data collection 
using the MoLab system. This is a portable system for movement analysis 
where 3D data are collected. We intend to perform further analyses of these 
collected data from both patients and controls to get a deeper understanding 
of the motor performance for these patients.  

More studies are needed to identify more specific risk factors for both neu-
rological complications and learning difficulties for children treated for low- 
grade astrocytoma. For this group, research methods must be tailored to iden-
tify difficulties that can be missed if quantitative methods and normative tests 
are used. Qualitative research methods can be of help to get more information 
about the rate and extent of difficulties in school, at work and in daily life 
situations. It can also be used to get better understanding of the psychosocial 
situation and quality of life for the patients. 

Our findings underscore the need of rehabilitation programmes for children 
treated for brain tumours, including our investigated group. Further studies are 
needed concerning possible motor and cognitive interventions and to deter-
mine the possible effects of cognitive and motor training programmes.  

During the time of working with this thesis, I have also been part of the 
work to create a Swedish rehabilitation programme for children treated for 
brain tumours (https://kunskapsbanken.cancercentrum.se/diagnoser/langtid-
suppfoljning-efter-barncancer/vardprogram/bilaga-1-riktlinjer-for-utredning-
och-rehabilitering-av-barn-med-tumor-i-centrala-nervsystemet/). Right now, 
a regional project is ongoing to create better opportunities for rehabilitation 
after CNS tumours, and plans are underway to create additional programmes 
on a national level. Moreover, there are plans to review the literature on evi-
dence-based rehabilitation for children with acquired brain injuries after can-
cer treatment.  

In this work with rehabilitations programmes, our results are important as 
a reminder that, at least some of the children treated for low-grade tumours 
have cognitive and motor difficulties and that these children need to be in-
cluded in rehabilitation programmes. However, there are children without mo-
tor and learning difficulties who do not need extensive rehabilitation pro-
grammes, although they may need medical and psychosocial follow-up. It is 
of great importance to identify the type and amount of rehabilitation needed 
for the specific child.  
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Sammanfattning på svenska 

Bakgrund 
Hjärn- och ryggmärgstumörer (CNS-tumörer) är näst efter leukemier den van-
ligaste maligna sjukdomen hos barn och ungdomar. Överlevnadssiffrorna har 
förbättrats under senare år, även om de varierar mellan olika tumörformer. 
Man har i långtidsuppföljningar observerat neurologiska och endokrinolo-
giska komplikationer, men även påverkan på kognition och beteende, vilken 
kan vara orsakat av tumören i sig men även av given behandling (operation, 
strålning och/eller cytostatika). Komplikationer har framförallt beskrivits hos 
barn och ungdomar med höggradiga hjärntumörer som fått mer omfattande 
onkologisk behandling, exempelvis med strålning. 

Bakre skallgropen, där lillhjärnan sitter, är en vanlig lokalisation för tumö-
rer som debuterar i barndomen. De vanligaste tumörtyperna i lillhjärnan är 
medulloblastom, som är en höggradig tumör som i regel behandlas med både 
operation, strålning och cytostatika samt låggradiga astrocytom, som oftast 
behandlas enbart med operation. Låggradiga astrocytom har mycket låg död-
lighet och i vetenskapliga studier beskrivs att de som behandlats för denna 
tumörtyp har få komplikationer, samtidigt som andra studier beskriver neuro-
logiska, kognitiva och beteendemässiga komplikationer även bland dessa 
barn. Det behövs således mer kunskap om hur det går för dessa barn och ung-
domar på längre sikt, och vilka komplikationer patienterna riskerar att få. 

Syfte, material och metod 
Studie I  
Studien inkluderar samtliga 193 patienter som behandlats för CNS tumörer i 
Uppsala-Örebroregionen under åren 1995–2006. I studien ingår en kartlägg-
ning av kliniska data och komplikationer efter behandling.  

Studie II–IV 
I studie II-IV har syftet varit att kartlägga förekomsten av komplikationer hos 
de barn och ungdomar som behandlats för låggradiga astrocytom i bakre skall-
gropen under åren 1995–2011 utifrån följande frågeställningar: 
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1. Har patienterna påverkan på psykiskt och fysiskt hälsotillstånd, mo-

torik, kognition, språk och förmåga att genomföra vardagliga akti-
viteter? 

 

2. I vilken grad har eventuella svårigheter observerats och lett till re-
habiliteringsåtgärder och anpassning i skolan?  

 

3. Har patientgruppen i vuxen ålder en sämre psykosocial situation, 
utbildningsnivå, yrkessituation eller livskvalitet jämfört med ett re-
ferensmaterial för unga vuxna 

 
I studierna deltog 12 vuxna och 8 barn (av totalt 27 möjliga) i hela studien 
samt 2 vuxna i endast telefonintervjuer. Deltagarna genomgick utredningar 
under tre dagar för barn och två dagar för vuxna. I utredningen genomfördes 
bedömning av intelligensnivå, exekutiva funktioner, minne och språkliga 
funktioner samt en specialpedagogisk bedömning. Det gjordes också en 
journalgenomgång, en neurologisk undersökning och deltagarna intervjuades 
om fysisk och psykisk hälsa, skolresultat, utbildningsnivå och yrkesverksam-
het. Dessutom genomfördes undersökningar av motorisk förmåga inklusive 
balans, fysisk arbetsförmåga och handstyrka. Eftersom det saknas referens-
material för barn- och ungdomar samt unga vuxna för balanstestet rekrytera-
des en kontrollgrupp för att få ett jämförelsematerial. Deltagarna genomförde 
slutligen ett test av förmåga att genomföra dagliga aktiviteter.  

Resultat 
Studie I:  
De vanligaste neurologiska komplikationerna inkluderade syn och motorik 
följt av nedsatt hörsel och epilepsi. Tjugosex procent av patienterna hade nå-
gon form av endokrinologisk komplikation där tillväxthormonbrist var van-
ligast.  

 Av de som genomgått en neuropsykologisk undersökning hade 67 % nå-
gon avvikelse i testerna och detta observerades både hos patienter som be-
handlats för hög- och låggradiga tumörer. Av patienterna hade 30 % extra stöd 
i skolan; däremot rapporterade 48 % av föräldrarna i samband med läkarbesök 
att deras barn hade skolsvårigheter. 
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Studie II–IV 
Patienterna hade medicinska komplikationer i första hand gällande motorik 
och syn. En tredjedel angav svårigheter med inlärning, som inte följts upp i 
skolan, framför allt inte från högstadiet och senare. Deltagarna uppvisade inte 
någon ökad förekomst av psykiatriska symtom och de hade en hälsorelaterad 
livskvalitet som var jämförbar med jämnåriga. Samtliga vuxna deltagare hade 
arbete eller studerade. 

Deltagarna hade resultat inom medel på intelligenstesterna jämfört med 
jämnåriga, med en spridd fördelning. I tester av exekutiv funktion hade delta-
garna resultat inom medel förutom signifikant lågt resultat för ett deltest som 
mäter flexibilitet och förmågan att hindra impulser. I ytterligare test som mäter 
minne och exekutiva funktioner låg hälften under medel. 

I de språkliga testen hade deltagarna resultat inom medel för de flesta tes-
ten, men signifikant lägre resultat för ett benämningstest. 

I testen av inlärningsförmåga i svenska och matematik låg resultaten inom 
medel förutom för läshastighet, som låg signifikant under medel.  

Den tredjedel av deltagarna, som i intervjun rapporterat skolsvårigheter 
hade de lägsta resultaten inom samtliga test.  

Hälften av deltagarna rapporterade motoriska svårigheter i samband med 
intervjun, framför allt från armarna. Deltagarnas testresultat låg inom medel-
värdet förutom ett resultat under medel på fingerfärdighet och sämre resultat 
vid undersökning av dynamisk balans jämfört med kontrollgruppen. En tred-
jedel av patienterna hade en ökad motorisk ansträngningsnivå vid genomfö-
rande av motoriska ADL aktiviteter. 

Slutsatser:   
Resultaten i avhandlingen visar att komplikationer efter behandling förekom 
i hela gruppen som behandlats för CNS tumörer, inkluderat de som behandlats 
för låggradiga tumörer. Patienterna som behandlats för låggradiga astrocytom 
i bakre skallgropen hade en god prognos, men även i den gruppen hade 40% 
av patienterna komplikationer, som drabbat motoriska och kognitiva förmågor 
och påverkat inlärningsförmågan. Dessa svårigheter kan upptäckas med hjälp 
av tester som mäter kognition, språklig förmåga, motorik och inlärningsför-
måga De som hade skolsvårigheter hade inte fått extra stöd, annat än under 
tiden direkt efter behandlingen. Det är därför viktigt att identifiera och följa 
upp de som är i behov av kognitiva- och motoriska utredningar. Dessutom 
finns behov att utveckla både kognitiva och motoriska träningsmetoder. Re-
sultat av utredningar inklusive förslag på åtgärder måste sedan förmedlas till- 
och följas upp i skolan så att extra pedagogiskt stöd kan ges. Därför är det 
viktigt att etablera fungerande rehabiliterings- och behandlingsprogram för 
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barn och ungdomar som behandlats för hjärntumörer och skapa ett gott sam-
arbete mellan Barncancercentrum och skolan.  
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