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ABSTRACT 
Slow-growing gliomas most often affect individuals in midlife. These tumors 
are incurable, but multimodal treatment has improved survival. Consequences 
for patient functioning are less well understood. This thesis investigates 
functional outcomes after treatment, focusing on work, mental health, 
cognition, and quality of life, to improve knowledge and identify risk factors.  
The thesis is based on the following four studies:  
 
Study I examines sick-leave patterns and return to work after first surgery 
using registry data. Patients with grade 2 gliomas and matched controls had 
similar sick-leave levels until months before surgery, then increasing in 
patients. After one year 52% worked and 63% at two years. Previous sick-
leave, older age, lower functional status, and oncological treatment delayed 
return to work at one year. Female sex, comorbidity, and biopsy were 
associated with lower return to work at two years.  
 
Study II investigates dispensed antiepileptic, antidepressant, and sedative 
medications after first surgery in patients with grade 2 gliomas. 
Antidepressants were usually initiated months after surgery, whereas sedatives 
and antiepileptics rose around diagnosis. Prior use and related diagnoses were 
the main predictors. Antidepressant use increased in recent years, and female 
patients had higher use than male patients and female controls.  
 
Study III examines cognitive changes following treatment in a longitudinal 
two-center study of patients with IDH-mutated gliomas. Cognitive 
impairments were common before treatment, and individual declines were 
primarily observed in executive function, memory, and language. Older age 
and chemoradiotherapy emerged as risk factors.  
 
Study IV addresses how cognitive functioning relates to quality of life at 
different stages of the disease trajectory. Reduced global HRQoL was 
common. Learning and memory were most relevant at diagnosis, language and 
executive functions at one year, while executive function was strongly 
associated in the long-term group.  
 
In conclusion, treatment is associated with functional consequences and the 
findings underscore the need for systematic follow-up, early identification of 
patients at risk, and interventions to reduce negative long-term effects in these 
patients.  
Keywords: low-grade glioma, return to work, depression, anxiety, cognition, 
health related quality of life 
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SAMMANFATTNING PÅ SVENSKA 
Långsamtväxande gliom drabbar oftast personer mitt i livet. Tumörerna är 
obotliga, men ändringar i behandling har förbättrat överlevnaden. 
Konsekvenser för funktion och mående över tid är dock mindre kända. Denna 
avhandling undersöker utfall relaterade till funktion efter behandling, med 
fokus på arbete, psykisk hälsa, kognition och livskvalitet, för att förbättra 
kunskapen och identifiera negativa riskfaktorer.  

Avhandlingen baseras på följande fyra delarbeten:   

Delarbete I  studerar sjukskrivningsmönster och arbetsåtergång upp till två 
år efter första operation med hjälp av registerdata. Patienter (WHO grad 2 
gliom) och kontroller hade liknande sjukskrivningsgrad fram till månader före 
operation, därefter ökade den bland patienterna. Ett år efter operation arbetade 
52%, och 63% arbetade efter två år. Tidigare sjukskrivning, högre ålder, lägre 
funktionsnivå och onkologisk behandling fördröjde arbetsåtergången vid ett år. 
Kvinnor, samsjuklighet och biopsi predicerade lägre återgång vid två år.  
 
Delarbete II  undersöker uttag av anti-epileptika, antidepressiva och 
lugnande läkemedel ett år före till ett år efter första operation för WHO grad 2 
gliom. Patienter uppvisade högre läkemedelsuttag i samtliga kategorier. 
Antidepressiva initierades oftast månader efter kirurgi, medan lugnande och 
anti-epileptiska läkemedel ökade kring diagnos. Tidigare bruk och relaterad 
diagnos var den starkaste prediktorn för samtliga kategorier. Uttag av 
antidepressiva ökade på senare år och kvinnliga patienter hade högre uttag än 
manliga patienter och kvinnliga kontroller.   
 
Delarbete III  studerar kognitiva förändringar efter behandling i en 
longitudinell multicenterstudie av patienter med IDH-muterade gliom. 
Kognitiva nedsättningar var vanliga före behandling och individuella 
försämringar sågs framför allt avseende exekutiv funktion, minne och språk. 
Högre ålder och radiokemoterapi framkom som riskfaktorer.   
 
Delarbete IV  behandlar hur kognitiva funktioner relaterar till livskvalitet hos 
patienter vid olika tidpunkter i sjukdomsförloppet. Nedsatt global HRQoL var 
vanligt. Inlärning/minne var mest relevant vid diagnos, språk och exekutiva 
funktioner vid ett år, medan exekutiv funktion var viktigast i långtidsgruppen. 

Behandling är förenat med funktionella konsekvenser och resultaten 
understryker behovet av systematisk uppföljning, tidig identifiering av 
riskgrupper och stödjande insatser för att minska negativa följdeffekter. 
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DEFINITIONS IN SHORT 
1p/19q co-deletion A combined loss of chromosomal arms 1p 

and 19q. A defining alteration of 
oligodendrogliomas in WHO 2021, always 
with concurrent IDH mutation 

Fatigue Fatigue is a sustained feeling of reduced 
energy and increased effort required for 
physical or mental activity, which is not 
sufficiently improved by rest. 

IDH mutation A genetic alteration in the isocitrate 
dehydrogenase genes (IDH1 or IDH2), 
leading to abnormal production of the 
oncometabolite 2-hydroxyglutarate 

Lower-grade gliomas Diffuse gliomas classified as WHO grade 2–
3 astrocytoma (IDH-mutant) or 
oligodendroglioma (IDH-mutant and 
1p/19q-codeleted), characterized by slower 
growth and longer survival compared with 
high-grade gliomas. 

Reliable Change Index Statistical method for determining whether a 
change in a specific test score is considered a 
reliable change, meaning larger than 
expected compared to changes in a 
normative sample of healthy controls.  

Return to work Returning to work partially or full time (25-
100%) after previous sick leave. 
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1 INTRODUCTION 
  

1.1 CASE ILLUSTRATION 
 
A married man in his late thirties, with two young children, worked full-
time as an engineer at a mid-sized company. During a meeting, he began 
to feel strange and became unusually quiet. When it was his turn to 
speak, no words came out. Moments later, he lost consciousness as the 
episode progressed into a generalized epileptic seizure. The sudden 
event frightened his colleagues, who immediately called for an 
ambulance and notified his family. At the emergency department a 
computerized tomography (CT) scan revealed an abnormality in the 
brain and subsequent magnetic resonance imaging (MRI) indicated a 
slow-growing, malignant brain tumor. The man later underwent surgery 
and oncological treatment to delay disease progression.   
 

 
Figure 1. Axial T2-weighted fluid-attenuated inversion recovery (FLAIR) magnetic 

resonance image (MRI) demonstrating a hyperintense lesion in the left temporal lobe. 
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This previously healthy man was unexpectedly diagnosed with a lower-
grade glioma (LrGG). What first appeared as an isolated event for him 
became the start of a major life transition for both him and his family. 
 
This fictional case illustrates the typical presentation of a patient with a 
LrGG. The average age at diagnosis is approximately 35-40 years.(1) 
Survival ranges from approximately 5 to 20 years after diagnosis.(2) 
These patients often survive considerably longer after diagnosis than 
those with glioblastoma (GBM), yet they typically die at a younger age. 
The disease profoundly affects not only the patients, but also their 
children, partners, parents, friends, and colleagues. Preventing disease 
progression is a primary goal, but understanding and addressing 
patients’ everyday functioning and psychological well-being are also of 
great importance.   
 
By examining how the disease affects patients’ lives and identifying 
factors associated with favorable or unfavorable outcomes, it is possible 
to intervene proactively with individualized treatment strategies. 
Identifying risk factors for not returning to work, severe depression or 
anxiety, cognitive decline, and poor quality of life (QoL) as well as 
factors that support recovery can help. Although studies on these 
aspects are increasing, few use a longitudinal design or include long-
term survivors. Assessing both longitudinal change and long-term 
survival can deepen our understanding of individual trajectories and 
factors shaping them. Such knowledge is important for understanding 
how the disease influence patients’ functioning and QoL over time.  
  

 

1.2 EPIDEMIOLOGY 
 
In Sweden, approximately 1300 adults are diagnosed each year with 
primary tumors affecting the central nervous system (CNS) of which 
90% are located in the brain and 10% in the spinal cord.(1, 3-5) Tumor 
occurrence varies with age, with certain types appearing primarily in 
childhood and others more frequently in older adults.(6) There are more 
than one hundred recognized types of primary brain tumors, and gliomas 
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are the most common type accounting for roughly 40% of tumors in the 
CNS.(7)  
 
IDH-wildtype GBM are most common in older adults and are also the 
most malignant and common type of glioma.(8, 9) The annual incidence 
is 3–4 per 100 000 inhabitants and GBM are approximately 60% more 
common in men than in women.(1, 10) Etiology remains largely 
unknown. Despite therapeutic advances, prognosis remains poor, 
particularly in elderly individuals with large tumor volumes and 
comorbidities, with median survival often less than one year.(11, 12) In 
contrast, IDH-mutant gliomas typically affect younger adults, most 
often in their 30s to 40s. IDH-mutant tumors account for around 12% of 
all gliomas.(13-15) The incidence is 0.5 - 0.8 per 100 000 per year.(1, 
14-16). Median survival is approximately 5 - 10 years for IDH-mutant 
astrocytomas and over 15 years for grade 2 oligodendrogliomas, with 
some patients surviving considerably longer.  
 
 
 
1.3 CLINICAL PRESENTATION 
 
Symptoms in IDH-mutant gliomas are often subtle and may progress 
over several years. Owing to the slow tumor growth, neuroplasticity 
allows functional reorganization, which may preserve cognitive 
functions despite tumor progression.(17)   
 
1.3.1 SEIZURES 
 
Epileptic seizures are the most common initial symptom of IDH-mutant 
gliomas. Approximately 70–80% of patients present with a first-time 
seizure.(18, 19) These seizures are by definition focal, but the focal 
phase may be very short and therefore not always recognized by patients 
as epileptic activity. They may be recognized first when seizures spread 
to the contralateral hemisphere and progress to bilateral tonic–clonic 
seizures.(18)  
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1.3.2 TUMOR DIAGNOSTICS  
 

1.3.2.1 DIAGNOSTIC PROCEDURES 

Current brain tumor diagnostics combine clinical, radiological, and 
molecular approaches. Patients typically undergo neurological 
evaluation followed by radiological imaging. After surgery, definitive 
diagnosis is based on integrated histopathological and molecular 
assessment, combining morphology and molecular markers, reflecting 
the growing emphasis on molecular diagnostics in tumor classification 
in recent years.(20, 21)   
 
A multidisciplinary team conference is standard practice in the 
management of suspected brain tumors. Specialists in neurology, 
neurosurgery, oncology, radiology, and pathology jointly review 
clinical findings, imaging, and molecular data to establish diagnosis and 
recommend optimal treatment strategies.(9)   

Figure 2. Typical clinical care process for patients with LrGG. Created in 
BioRender. Denes, A. (2026) https://BioRender.com/opv7lf2 

 

1.3.2.2 ORIGIN AND CLASSIFICATION  
Gliomas are tumors of neuroepithelial origin and are believed to arise 
from glial precursor cells or neural stem cells. The main subtypes 
include astrocytomas and oligodendrogliomas.(20, 22) Tumor 
malignancy is graded from 1 to 4 according to the World Health 
Organization (WHO) classification, where grade 1 represents a benign 
tumor and higher grades indicate greater malignancy.(20) Prognosis 
between tumor types varies widely and depends on multiple factors, 
including tumor biology.(1, 20)   
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1.3.2.3 THE NEW CLASSIFICATION 
 
While gliomas were historically classified and graded based solely on 
histopathological features, recent advances have changed this 
framework. Building upon the WHO grading scale, the current WHO 
classification (2021) integrates histopathological and molecular 
features.(20) This change is driven by evidence that molecular markers 
critically influence tumor biology and outcome. Higher grades reflect 
greater biological aggressiveness and are characterized by elevated 
cellularity, nuclear atypia, mitotic activity, microvascular proliferation, 
and necrosis.   
 
In IDH-mutant astrocytomas, grade 2 shows low nuclear atypia with low 
mitotic activity, while grade 3 is defined by increased atypia and mitotic 
activity. However, the distinction lacks strict numerical thresholds, 
allowing for some degree of subjectivity. Grade 4 is assigned in the 
presence of microvascular proliferation and/or necrosis. 
Oligodendrogliomas may demonstrate increased mitotic activity in 
grade 3 tumors, and the presence of microvascular proliferation and/or 
necrosis constitutes a criterion for CNS WHO grade 3 in this entity.  
 
Figure 3 below presents a histopathological comparison of low-grade 
(LGG) and high-grade glioma (HGG) using representative hematoxylin 
and eosin stained sections. The LGG (left) is characterized by lower 
cellular density and mild nuclear atypia. In contrast, the HGG (right) 
demonstrates hypercellularity, pronounced nuclear pleomorphism and 
densely packed atypical cells reflecting greater biological 
aggressiveness.  

Figure 3.Histopathological comparison of a low-grade and high grade glioma. 
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According to the new classification, diffuse gliomas are still categorized 
into grades 2–4, but this grading has become somewhat less 
relevant.(23)  Previously, WHO grade 2 (and sometimes also benign, 
grade 1) tumors were categorized as low-grade.(24) However, a key 
change in the adult-type diffuse gliomas has been the identification of 
mutations in the isocitrate dehydrogenase (IDH) gene, which defines a 
biological distinction between tumor types.(25) IDH-mutant gliomas are 
associated with a markedly better prognosis, whereas those lacking this 
mutation (IDH-wildtype) have a poor outcome and are now classified as 
GBM (WHO grade 4) if they harbor molecular features such as TERT 
promoter mutation, EGFR amplification, or combined chromosome 7 
gain and chromosome 10 loss, even in the absence of histological grade 
4 features.(20, 25)   
 
An additional molecular marker that further refines classification and 
prognosis is the deletion of both chromosomal arms 1p and 19q. This 
co-deletion is associated with a favorable prognosis and, when occurring 
together with an IDH mutation, now defines oligodendrogliomas which 
are limited to CNS WHO grade 2 or 3. IDH-mutant tumors lacking this 
co-deletion are classified as IDH-mutant astrocytomas which may be 
graded as WHO grade 2-4. Another important marker in the 
classification is the homozygous deletion of the cyclin-dependent kinase 
inhibitor genes (CDKN2A/B), which is related to worse prognosis. 
When CDKN2A/B is homozygous deleted, the tumors are also 
classified as grade 4 astrocytoma regardless of histopathological 
features of relevance for grading.   
 
In fact, on a group level, a patient with a grade 3 oligodendroglioma has 
a better prognosis than a morphological grade 2 tumor lacking IDH 
mutation, but with GBM molecular features. Thus, tumors classified as 
“high grade” may, in biological and prognostic terms, represent a lower-
grade disease. A substantial proportion, approximately 30–50%, of 
tumors that radiologically or histologically appear low-grade are in fact 
IDH-wildtype.(26)   
 
In addition to IDH and 1p/19q status, alpha-thalassemia/mental 
retardation syndrome X-linked (ATRX) is routinely assessed as a 
molecular marker in diffuse gliomas. In IDH-mutant tumors, ATRX 
mutation and 1p/19q co-deletion are mutually exclusive, as ATRX-
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mutant tumors lack the co-deletion.(27, 28) In contrast, telomerase 
reverse transcriptase (TERT) gene promoter mutations are strongly 
associated with 1p/19q co-deletion in IDH-mutant tumors and therefore 
support a diagnosis of oligodendroglioma.(28, 29)   
 
Apart from giving insight into the oncogenesis of diffuse gliomas, the 
molecular markers have led to an integrated classification system in 
which histopathology and molecular genetics are jointly required for 
accurate diagnosis and clinical management, replacing the earlier 
morphology-based grading approach.(20, 21) An overview of the 
molecular classification of adult-type diffuse gliomas according to the 
WHO 2021 classification is presented in Figure 4 below.   
 

 
Figure 4. Overview of molecular classification of adult-type diffuse gliomas 

according to the WHO 2021 classification. Created in BioRender. Denes, A. (2026) 
https://BioRender.com/h95cgv5. Adapted from Carstam L., doctoral thesis, 

University of Gothenburg, 2023.(30)  
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1.3.2.4 RADIOLOGICAL METHODS AND DIAGNOSTIC 
FEATURES 

 
When a patient seeks the emergency department, which is often the case 
after a first-time epileptic seizure, a computed tomography (CT) of the 
brain is frequently performed as a first step due to its widespread 
availability. If a tumor is suspected, a magnetic resonance imaging 
(MRI) should be performed for further evaluation, allowing for more 
precise characterization and surgical planning. MRI is the standard 
imaging modality for both the diagnostic evaluation and follow-up of 
gliomas.(9)  
 
MAGNETIC RESONANCE IMAGING (MRI) 
 
MRI is central to brain tumor diagnostics, measuring tissue-specific 
magnetic properties and enabling contrast to be tailored through 
different pulse sequences.(31) Standard imaging protocols for brain 
tumors typically include a combination of MRI sequences, such as T1-
weighted images acquired before and after administration of 
gadolinium-based contrast, T2-weighted images, and fluid-attenuated 
inversion recovery (FLAIR) sequences, among others. 
 
GBMs typically show contrast enhancement on T1-weighted images 
reflecting disruption of the blood–brain barrier, whereas LrGG often 
lack enhancement, although overlap exists.(32, 33) The T2-FLAIR 
mismatch sign is associated with IDH-mutant astrocytoma, particularly 
WHO grade 2–3, and it is defined by a homogeneously hyperintense T2 
signal with a hypointense core on FLAIR sequences.(32, 34, 35)   
 
Certain imaging features may suggest specific molecular or 
histopathological subtypes. Calcifications, typically seen as high-
attenuation foci on CT or as distinct hypointense areas on MRI, 
especially on T2-weighted and susceptibility sequences, strongly 
suggest an oligodendroglioma.(36) Additional sequences such as 
diffusion-weighted imaging (DWI), diffusion tensor imaging (DTI), 
perfusion MRI, MR spectroscopy (MRS) and functional MRI (fMRI) 
may be used as complementary techniques when clinically indicated, 
available, and relevant to the diagnostic or therapeutic question.(36)  
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FLUOROETHYL-TYROSINE POSITRON EMISSION TOMOGRAPHY 
(FET-PET)  
 
FET-PET is a nuclear medicine technique that uses a radioactive amino 
acid tracer to visualize tumor metabolism. Clinically, it has the potential 
to add information on tumor activity, particularly in difficult diagnostic 
situations such as differentiating progression from pseudoprogression 
and evaluating tumor malignancy.(37) It can also be used for biopsy 
targeting.(37) Findings should be interpreted cautiously, as uptake 
patterns are not fully specific and can be affected by treatment-related 
or biological factors, and considerable overlap in uptake values between 
tumor grades and even non-neoplastic lesions has been reported.(38) 
However, FET-PET for glioma recurrence have reported high pooled 
sensitivity of 0.86–0.92 and specificity of 0.83–0.85.(37)  
 

  
Figure 5. Illustration of MRI FLAIR (left) and FET PET (right) demonstrating a 

lesion in the right hippocampal region. 
 
Figure 5 illustrates a lesion in the right hippocampal region. On MRI 
(left), the lesion appears as a FLAIR hyperintensity without contrast 
enhancement on T1-weighted imaging. On FET-PET (right), the same 
region demonstrates clearly increased tracer uptake (SUVmax 1.93; 
tumor-to-background ratio 2.1). This marked metabolic uptake raises a 
strong suspicion of malignancy beyond MRI findings. Histopathology 
later confirmed an IDH-wildtype astrocytoma, WHO grade 3, which 
corresponds biologically to GBM in current classification. 
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1.4 GLIOMA TREATMENT 
 
1.4.1 SURGERY 

According to both national and international guidelines, surgery is the 
first treatment option for malignant gliomas.(39, 40) Surgery is not 
curative, but larger extent of resection (EoR) is associated with better 
overall survival.(41, 42)  
 
When a tumor causes increased intracranial pressure or obstructs 
cerebrospinal fluid flow, urgent surgical intervention may be required 
and can relieve the associated symptoms.(24) This is less common in 
slow growing tumors, such as IDH-mutant gliomas. When a tumor is 
detected and suspected to be slow growing, there is usually time to plan 
the surgical procedure. Radiological imaging provides information 
about the extent of the tumor and its proximity to structures important 
for specific functions. The goal of surgery is to achieve maximal safe 
resection, meaning to remove as much tumor tissue as possible while 
preserving neurological function.(42-45)  
 
Diffuse LrGG are difficult to treat surgically because of their infiltrative 
growth pattern, and the difficulty in distinguishing tumor-infiltrated 
tissue from normal or edematous brain tissue.(17) In addition, these 
tumors are often situated within or near eloquent brain regions, meaning 
areas in which injury would result in significant functional 
impairment.(46) Intraoperative neurophysiological monitoring is 
frequently used to reduce the risk of permanent functional deficits.(47-
50) When tumors are situated near eloquent areas that cannot be 
monitored while the patient is asleep, especially areas related to 
language functioning, awake surgery with functional mapping can be 
performed.(51-53) This may help the surgeon determine whether the 
resection risks damaging a specific function. During these procedures, 
the patient is awake for part of the surgery, and systematic electrical 
stimulation and functional testing are performed.(53)   
 
When the risk of neurological impairment is considered too high, when 
the patient is unfit for surgery, or the tumor is too large or multifocal, a 
biopsy can be carried out instead.(39, 40) Biopsy provides tissue for 
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histopathological and molecular analysis and thereby guides subsequent 
oncological treatment.(39) Treatment and follow-up are based on the 
tumor’s molecular profile and the histopathological appearance (the 
WHO classification), as well as the patient’s condition and the tumor’s 
anatomical location.(40)   
 
1.4.2 ONCOLOGICAL TREATMENT 
 
After surgery, further oncological treatment is determined based on the 
assessed risk of early tumor progression.(40) Current standard treatment 
for LrGG consists of external radiotherapy, and chemotherapy. Most 
patients receive some oncological treatment during their disease 
trajectory.   
 
The timing and order of oncological treatments depend on several 
factors including: tumor grade, size, EoR, residual tumor, tumor 
crossing the midline, histological and molecular characteristics as well 
as the patient’s functional status, neurological deficits, and presumed 
tolerance to therapy.(40, 54-57) Age above 40 years, has also been 
identified as a risk factor, although the relevance of the age cut-off has 
been debated.(24, 58, 59) Despite evidence from randomized trials that 
have significantly shaped the current practice, the optimal indications, 
timing, and choice of radiotherapy and chemotherapy regimens for 
different tumor subtypes remain to be clearly defined.(57, 58, 60-64) 
Current risk classification systems are largely based on data from non-
molecular patient cohorts, that may not be directly applicable to patients 
with  IDH-mutant gliomas.   
 
The guidelines by the European Association of Neuro-Oncology 
(EANO) include recommendations for oncological treatment in patients 
with glioma. Patients considered to have a high risk of early tumor 
progression, such as those with subtotal resection, higher-grade tumors, 
or unfavorable molecular profiles, are generally offered 
chemoradiotherapy shortly after surgery. For patients with low-risk 
profiles an initial wait-and-scan strategy may be adopted to postpone 
potential long-term side effects associated with oncological 
treatment.(24, 55, 57)   
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1.4.2.1 RADIOTHERAPY  
 
External radiotherapy is one of the central components of glioma 
treatment and is used either postoperatively or as a primary therapy in 
cases where surgery has not been feasible. At the cellular level, 
radiotherapy causes DNA damage, resulting in tumor cell death or 
reduced proliferation.(65) To minimize radiation-induced toxicity, focal 
radiotherapy is given in fractions for several weeks, and the total dose is 
kept as low as possible. For WHO grade 2 gliomas, standard doses 
typically range between 50.4 to 54 Gy, while doses around 60 Gy are 
used for higher-grade tumors.(57, 62, 66)  

 
PROTONS AND PHOTONS  
 
Radiotherapy can be delivered using either photon or proton beams. 
Proton therapy represents a newer alternative to conventional photon 
irradiation and is theoretically associated with a more confined dose 
distribution, reducing the radiation exposure to surrounding normal 
brain tissue, as can be seen in figure 6.(67) However, current evidence 
does not clearly demonstrate the superiority of proton therapy over 
photon-based techniques.(67) Some studies suggest modality-specific 
toxicity patterns, with differing profiles, including a potential increase 
in focal radiation-induced injury with proton therapy.(68) Ongoing 
studies aim to clarify potential differences.(69) 



Isabelle Rydén 
 

13 
 

 
Figure 6. Comparison of dose distributions for proton (left) and photon (right) 

radiotherapy in a brain tumor case. 
 
 

THE EVIDENCE OF RADIOTHERAPY   
 
Clinical trials have been designed to assess the independent effect of 
radiotherapy in patients with glioma. The IWOT trial that was designed 
to compare early adjuvant radiotherapy and temozolomide to watchful 
waiting in patients with IDH-mutant astrocytoma was unfortunately 
terminated early.(70) Evidence from RCTs has nevertheless provided 
some important insights. A study comparing early (after first surgery) to 
delayed (after progression) radiotherapy in adults with non-molecularly 
classified WHO grade 2 gliomas showed that early treatment 
significantly prolonged progression-free survival (PFS) but not overall 
survival (OS), indicating that early radiotherapy delays tumor 
progression without extending survival, supporting a watchful waiting 
approach for selected patients to avoid potential long-term radiation 
effects.(63) 
 
Another randomized trial compared radiotherapy with temozolomide 
monotherapy in high-risk grade 2 glioma. Results showed no difference 
in OS, although the number of events was still limited, and there was a 
trend favoring radiotherapy in IDH-mutant non-codeleted tumors 
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(corresponding to astrocytomas). In oligodendrogliomas, both 
treatments were considered effective with no one being superior. Since 
the study compared each treatment alone the effects on combined 
chemoradiotherapy were not assessed.(71)  
 
While radiotherapy improves local tumor control, it can cause both acute 
and delayed side effects.(24, 72) Acute reactions such as fatigue, 
headache, and a feeling of cognitive slowing can be reversible, whereas 
delayed toxicities may develop months or years later and may be 
permanent. Such effects can include cognitive impairment, vascular 
damage, hormonal dysregulation, and in some cases radiation 
necrosis.(73-75) Late toxicity is related to radiation exposure of healthy 
brain tissue. The risk of late side effects is influenced by total radiation 
dose, fraction size, and the volume of brain tissue irradiated.(75, 76) 
Studies on long-term survivors indicate that radiotherapy may lead to 
measurable cognitive decline in some individuals, although findings are 
inconsistent across studies.(75, 76) Higher radiation doses have not 
shown survival benefit, supporting the current practice of moderate-dose 
regimens.(24)   
 
1.4.2.2 CHEMOTHERAPY  
 
Chemotherapy is a key component in the treatment of diffuse gliomas. 
It is often given together with radiotherapy, either concurrent (at the 
same time) or adjuvant (after radiotherapy).(60) In cases of tumor 
recurrence, chemotherapy can also be used as a separate treatment.(39, 
40) The choice of regimen depends largely on the tumor’s molecular 
profile, WHO grade, and prior treatments.   
 
PCV   
 
The PCV regimen includes the alkylating agents procarbazine and 
lomustine (CCNU) together with vincristine, which interferes with cell 
division.(77) The regimen combines both oral and intravenous agents 
given at fixed intervals within each cycle, followed by rest periods to 
allow bone marrow recovery. PCV is typically administered as six 
treatment cycles, each lasting approximately six weeks.   
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PCV has the strongest evidence supporting its efficacy in diffuse 
gliomas.(72, 78). In a randomized controlled trial (RCT) of patients with 
high-risk WHO grade 2 diffuse gliomas, radiotherapy alone was 
compared with radiotherapy plus adjuvant PCV chemotherapy, with 
long-term follow-up reported.(58) Radiotherapy plus PCV significantly 
improved both OS and PFS in these patients, compared to radiotherapy 
alone. The survival advantage was most pronounced in 1p/19q co-
deleted oligodendrogliomas, but patients with IDH-mutant astrocytoma, 
also demonstrated improved outcomes. Patients with IDH-wildtype 
tumors did not show similar benefit.   
 
Despite its proven survival benefit, PCV is associated with a relatively 
high incidence of adverse effects and requires close clinical 
monitoring.(24, 40) The most common adverse treatment effects are 
fatigue, nausea, and bone marrow suppression, which can lead to anemia 
or neutropenia and occasionally necessitate treatment interruptions.(40) 
Peripheral neuropathy related to vincristine and gastrointestinal 
intolerance caused by procarbazine are also frequent.(79) Dose 
reductions and premature discontinuation of therapy are not uncommon 
due to negative side-effects.(58, 80)   
 
TEMOZOLOMIDE 
 
Temozolomide (TMZ) is an established alkylating chemotherapeutic 
agent with oral administration and a generally more favorable 
tolerability profile than PCV.(71) TMZ is associated with fewer 
gastrointestinal and neurological side effects. It is often used in 
combination with radiotherapy or as monotherapy in selected cases.(39) 
It induces DNA damage through methylation, leading to tumor cell 
death.(77) Bone marrow suppression is a dose-limiting factor also for 
TMZ, but discontinuation due to such side-effects is less common.(24, 
71, 81)   
 
Clinical studies evaluating its efficacy om TMZ include a phase II 
single-arm trial comparing radiotherapy with concurrent and adjuvant 
temozolomide in patients with high-risk WHO grade 2 diffuse LGG, to 
historical controls.(82) They showed improved OS in patients treated 
with combined radiotherapy and TMZ. However, as all patients received 
both concurrent and adjuvant temozolomide, the individual contribution 
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of each component could not be determined, and molecular data was not 
available.(82) In addition, the recent randomized CATNON trial on 
grade 3 astrocytomas showed that radiotherapy with adjuvant TMZ 
significantly improved both OS and PFS in patients with IDH-mutant 
tumors, with a median OS of 12.5 years compared with 6 years without 
adjuvant temozolomide.(60) Concurrent TMZ treatment showed no 
additional benefit. (60)  
  
To compare PCV and TMZ, the ongoing CODEL trial evaluates 
radiotherapy plus adjuvant PCV or TMZ, but only in patients with 
oligodendrogliomas.(83)   
 

1.4.2.3 TARGETED THERAPIES  
 
IDH INHIBITORS  
 
IDH inhibitors have recently shown promising clinical results for 
patients with IDH-mutant gliomas. These agents represent a novel 
targeted therapeutic approach, but their availability remains limited and 
they are not yet accessible in Sweden.   
 
The INDIGO trial has evaluated the IDH inhibitor vorasidenib in 
patients with WHO grade 2 IDH-mutant glioma following surgery but 
prior to oncological treatment.(84) The drug prolonged PFS, delayed the 
need for next intervention and reduced tumor growth rate. It was also 
well tolerated and showed a reduction of seizures in patients taking the 
drug.(84) Lately, neurocognitive functioning and QoL also showed to 
remain stable throughout the treatment.(85) The effects on OS is 
however still unknown, and since patients who received placebo where 
switched to receive the active drug, we will not be able to tell. It is also 
unknown how this treatment works in the longer run when patients 
receive other oncological treatments. Still, IDH inhibitors provide new 
hope for patients.  
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Figure 7. Kaplan–Meier plot of PFS in patients treated with vorasidenib versus 
placebo. The median time to progression or death is presented. Reproduced with 

permission from Mellinghoff IK et al., N Engl J Med 2023;389:589–601. Copyright 
Massachusetts Medical Society. 

 
 
 

1.5 CLINICAL OUTCOME ASSESSMENTS 
 
Clinical Outcome Assessments (COAs) are structured tools used in 
clinical research to measure patient outcomes. They may rely on patient 
reports, reports from clinicians, from observers, or can be performance-
based tasks. They are used as study endpoints to demonstrate treatment 
benefit.(86) COAs capture how a patient feels or functions and should 
be viewed complementary rather than interchangeable measures.  
 
1.5.1 PATIENT-REPORTED OUTCOMES 
 
Patient-reported outcomes measures (PROMs) are self-administered 
assessments that capture the patient’s perception and lived experience 
of functioning and symptoms, without interpretation by another 
person.(86) PROMs are subjective and may not always correlate closely 
with objective clinical or performance-based measures.(87) In this 
thesis, PROMs were used to evaluate depression, anxiety, mental 
fatigue, and overall QoL.  
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1.5.2 CLINICIAN-REPORTED OUTCOMES 
 
Clinician-reported outcomes (ClinROs) are assessments based on 
observations and clinical judgments made by health-care 
professionals.(86) Similar to PROMS, they include evaluations of 
symptoms and functional abilities. In this thesis ClinROs included for 
example the assessment of Karnofsky Performance Status (KPS) as well 
as clinician-based grading of postoperative neurological deficits.   
 
1.5.3 PERFORMANCE OUTCOMES 
 
Performance outcomes (PerfOs) do not rely on subjective judgments. 
They are based on the patient’s performance in structured tasks, where 
the result is quantified using standardized scoring methods.(86) These 
measures are commonly used in cognitive research and may vary 
substantially, from brief screening tools to comprehensive test batteries. 
In this thesis, performance outcomes were assessed using standardized 
neuropsychological testing to evaluate cognitive functioning.   
 
 
 

1.6 DEPRESSION AND ANXIETY 
 
A diagnosis of an incurable brain tumor confronts patients with 
fundamental concerns about life and death and commonly triggers a 
psychological crisis reaction. Although such reactions may diminish 
over time, monitoring of depressive symptoms and anxiety is important, 
as these symptoms may substantially reduce QoL and may worsen or 
develop into clinically significant psychiatric disorders.(88-90) 
Population-based studies have shown an elevated risk of depression 
following a cancer diagnosis, and anxiety is also more frequent among 
patients with cancer when compared with the general population.(91, 
92)  
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1.6.1 PREVALENCE 
 
Depression and anxiety are relatively common in patients with gliomas, 
but prevalence estimates are difficult to interpret due to substantial 
methodological heterogeneity across studies.(93, 94) Studies have 
employed different COAs, instruments, and cut-off values, which yield 
markedly different rates.(95-97) Study populations largely varies, 
ranging from mixed brain tumor cohorts to more specific subgroups 
such as LrGG or HGG, sometimes stratified by molecular status and 
sometimes not. Also, assessments have been conducted at different time 
points across the disease trajectory.  
 
In the general population, the 12-month prevalence of major depressive 
disorder (MDD) is estimated to be around 10%.(98) A systematic review 
including 4089 patients with gliomas showed varying results depending 
on assessment method. The median prevalence of clinically diagnosed 
depression was approximately 15%. The use of self-report instruments, 
such as the Beck Depression Inventory (BDI), resulted in substantially 
higher estimates, around 39%.(90) One explanation to this discrepancy 
is that interviews allow contextual evaluation of symptoms and reduce 
misclassification of overlapping symptoms, such as fatigue.   
 
In a narrative review focusing on adult patients with both HGG and 
LGG, van der Meer et al. found that prevalence of depressive symptoms 
varied substantially. Rates were approximately 41% with the Patient 
Health Questionnaire -9 (PHQ-9), compared with 16% when measured 
using the Hospital Anxiety and Depression Scale (HADS) depression 
subscale. When diagnosed by structured clinical interview, MDD was 
identified in approximately 14% of newly diagnosed patients with 
glioma.(99) Regarding anxiety, the same review reported that structured 
clinical interviews identified generalized anxiety disorder in 
approximately 6% of patients, whereas substantially higher prevalence 
rates were observed when using patient-reported outcome measures 
(PROMs).(95) Studies using the HADS anxiety subscale reported 
prevalence estimates ranging from 24% to 35%, and even higher rates 
were reported when other PROMs were used.(95, 96). It should be 
emphasized that structured diagnostic interviews based on DSM criteria 
are not equivalent to symptom screening with rating scales; PROMs 
identify elevated symptom levels rather than clinically confirmed 
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depressive or anxiety disorders.   
 
Focusing specifically on LGG in an early phase of the disease, a 
prospective study included 149 adult patients with WHO grade 2 
glioma, both patients with and without histologically verified diagnoses. 
Depressive and anxiety symptoms were assessed using the Hospital 
Anxiety and Depression Scale (HADS). Applying a relatively high cut-
off of ≥11, 16% scored above the threshold for depression, and a 
similarly 16% for anxiety, while 21% scored above cut-off on at least 
one of the two subscales.(94) Symptoms are not limited to the early 
disease phase. In long-term follow-up of patients with LGG, 23% 
reported depressive symptoms more than two decades after 
diagnosis.(100)   
 
1.6.2 FEAR OF RECURRANCE 
 
Patients are monitored with MRI at regular intervals throughout their 
whole lives, and it is common for this follow-up to be accompanied by 
concern about tumor recurrence. This fear can be distressing and 
burdensome for the patient. Fear of cancer recurrence is described as 
worries and fear that the tumor may return or progress.(101-103) Mild 
reactions are generally regarded as a normal and understandable 
psychological response to a cancer diagnosis. However, if they become 
more severe, they may lead to clinically significant impairment, 
including avoidance behaviors and heightened sensitivity to bodily 
changes that are perceived as related to cancer.(102)  
 
1.6.3 EFFECTS OF MEDICATION 
 
As epileptic seizures are common in patients with glioma, many receive 
antiepileptic medication. Levetiracetam, lamotrigine and lacosamide are 
recommended options during oncological treatment due to low 
interaction potential.(39) Lamotrigine is not only used to treat epilepsy, 
but also as a mood stabilizer. Other antiepileptic drugs are known to 
have negative effects on mood. Perampanel is described to be related to 
aggressive behavior. Also, Levetiracetam that is frequently prescribed 
due to its generally favorable tolerability profile is associated with 
psychiatric adverse effects, most notably irritability, and less commonly 
depressive and anxiety symptoms.(95)   
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It is common for patients with LrGG to be treated with corticosteroids 
(e.g., betamethasone) in the initial phase. According to clinical routines, 
the treatment is typically initiated with a relatively high dose followed 
by a gradual postoperative tapering to discontinuation or to the lowest 
effective maintenance dose.(39) Corticosteroids may also be 
reintroduced later in the disease course if clinically indicated. Systemic 
corticosteroid therapy is associated with a range of adverse effects, 
including psychiatric manifestations such as mood changes. Clinically, 
some patients report increased energy or transient improvement in mood 
during high-dose treatment, whereas others may develop irritability or 
psychotic symptoms. Psychological distress may also emerge or 
intensify during dose tapering. In cases of significant psychiatric side 
effects, dose reduction or discontinuation is recommended. Sleep 
disturbances related to corticosteroid use are also well documented.(39) 
 
1.6.4 RELATED CLINICAL FACTORS 
 
Psychological health is influenced by multiple factors. In patients with 
glioma, affective symptoms may arise in the context of neurological 
deficits, oncological treatment, functional impairment, and psychosocial 
stressors. Among the most consistently identified factors associated with 
depression, in both brain tumor populations and in the general 
population, are prior depressive episodes or previous psychiatric 
treatment and female sex.(94, 95, 104-107) Reduced functional status 
has also been linked to depressive symptoms in several studies, although 
findings have not been entirely consistent.(90, 105) No consistent 
associations have been demonstrated between depression and age, 
marital status, tumor grade, EoR, tumor location or oncological 
treatment.(90, 97)  
 
1.6.5 QUALITY OF LIFE 
 
Several studies have related symptoms of depression to reduced health-
related quality of life (HRQoL).(88, 89, 94) A prospective cohort study 
in patients with WHO grade 1-2 gliomas reported that depressive 
symptoms and reduced QoL were both common already at 
diagnosis.(108) Another study showed that depressive symptom 
severity was the strongest independent predictor of overall QoL.(88) In 
a study on patients with gliomas in the temporal lobe, symptoms of 
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depression were found to be strongly related to most aspects of HRQoL, 
explaining a substantial proportion of variance across domains.(89)  
 
1.6.6 RISK OF SUICIDE 
 
Persistent depressive and anxiety disorders represent clinically 
significant conditions that require recognition and appropriate 
management. If left untreated, symptoms may worsen over time.(109) 
In severe cases, depression may contribute to suicidal behavior. Suicide 
risk has been shown to be increased in patients with primary brain 
tumors, particularly during the first year after diagnosis.(110)   
 
Patients with GBM had an approximately fourfold increased risk of 
suicide during the first year after diagnosis compared with the expected 
rate in the general population, whereas patients with non-GBM brain 
tumors had an approximately twofold increased risk during the same 
period.(110)  
 
1.6.7 TREATMENT OF DEPRESSION AND ANXIETY 
 
In Sweden, depression and anxiety in patients with glioma are generally 
managed according to standard psychiatric national treatment 
guidelines. For mild to moderate depression, psychological 
interventions such as cognitive behavioral therapy (CBT) are 
recommended, while antidepressant medication is indicated for 
moderate to severe cases.(111)  
 
The evidence base for psychotherapy specifically in glioma patients 
remains limited, with few trials and studies including participants with 
formally diagnosed disorders of depression or anxiety. There are 
however interventions (randomized trials) in patients with brain tumors 
that have demonstrated reductions in psychiatric symptoms.(112, 113)  
 
It is also common for patients to receive short-term anxiolytic or sleep-
promoting medication, as well as antidepressant therapy.(114) The most 
commonly used pharmacological treatment consists of selective 
serotonin reuptake inhibitors (SSRIs), and in cases of insufficient 
response, serotonin–norepinephrine reuptake inhibitors (SNRIs) may be 
considered.(95) When prescribing such medication in this population, 



Isabelle Rydén 
 

23 
 

careful consideration of potential interactions with ongoing oncological 
treatments and to monitor adverse effects. It is known that 
antidepressants, including SSRIs and SNRIs, may lower the seizure 
threshold and thereby increase seizure risk. This has also recently been 
demonstrated in a meta-analysis.(115) Although the absolute risk 
appears to be low, this is particularly relevant in patients with tumor-
related epilepsy.   
 
Data from the Glioma Outcomes Project demonstrated a marked 
discrepancy between patient-reported depressive symptoms (PROMs) 
and physician-recognized depression (ClinROs), with substantially 
higher rates reported by patients. This discordance was most 
pronounced in the early postoperative period but remained significant at 
six months after surgery, suggesting possible under-recognition and 
under-treatment of depressive symptoms in this population.(116)  
 
 
 
1.7 FATIGUE 
 
Fatigue is a common and disabling symptom both in patients with 
neurological disorders and in patients with cancer.(117, 118) Fatigue, 
together with cognitive deficits, and emotional distress have been 
identified as some of the most burdensome and functionally limiting 
symptoms in glioma.(119) Cancer-related fatigue is particularly 
frequent close to treatment, but can occur at any stage of the disease and 
may persist long after completion of treatment.(118)  
 
Fatigue is a multidimensional construct encompassing physical, 
cognitive, and activity-related components.(117, 120)  Regardless of 
subtype, fatigue is characterized by tiredness, weakness, and lack of 
energy. Unlike normal tiredness, it is typically disproportionate to 
activity level and not fully relieved by rest. (118) Fatigue may involve 
both physical exhaustion and mental fatigue, such as reduced 
concentration, slowed thinking, and increased effort during cognitive 
tasks. It can manifest as difficulties in initiating or sustaining physical 
or mental activities, reflecting reduced endurance rather than simple 
sleepiness.   
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1.7.1 PREVALENCE  
 
In a systematic review of fatigue in adults with WHO grade 1 and 2 
gliomas, fatigue was common in all phases of the disease.(120) 
Prevalence ranged from 39–77%, depending on assessment method and 
timing of evaluation. Fatigue was assessed using a variety of PROMs, 
and studies did not consistently distinguish between different aspects of 
fatigue, such as physical and mental fatigue in the reporting. Most 
results reflected overall fatigue rather than clearly separated subtypes.  
 
A recent study highlighted the importance of distinguishing between 
mental and physical fatigue by examining these in 148 patients with 
diffuse grade 2–3 gliomas who were in a stable disease phase.(121) 
Severe mental fatigue was reported by 38% of patients, and 22% 
reported physical fatigue, with only partial overlap between the two. 
Mental fatigue was associated with anxiety, depressive symptoms, and 
impaired divided attention, whereas physical fatigue was related to 
depressive symptoms and larger tumor volume.   
 
Similar patterns of high prevalence have been reported in glioma 
cohorts. In a prospective study of 112 patients with diffuse glioma, high 
fatigue was seen in 45% preoperatively and in 42% one month 
postoperatively. Changes were also frequently seen (38% improved and 
39% worsened) underscoring that fatigue varies over time.(122) Still, 
preoperative fatigue has been shown to predict postoperative 
fatigue.(123)   
 
Long-term data further demonstrate the persistent impact of fatigue. In 
a large longitudinal study of patients with LGG fatigue remained 
significantly elevated postoperatively compared to a normative 
population at most time points up to more than ten years after surgery. 
Fatigue showed the strongest relationship with reduced global 
HRQoL.(124) 
 
1.7.1 ASSOCIATED FACTORS 
 
In a study examining associations of fatigue in patients with glioma, it 
appeared to be more strongly related to PROMs and physical 
functioning than demographical, tumor- or treatment-related 
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characteristics, such as tumor grade, histological subtype, IDH-status 
and oncological treatment.(123)    
 
Associations between severe mental fatigue and poorer performance on 
objective cognitive tests have also been demonstrated, and affected 
patients were more likely to have reduced working hours or be 
unemployed.(120) Similarly, Boele et al. (2014) emphasized that fatigue 
and cognitive deficits may substantially impair occupational functioning 
and social participation.(119)  
 
1.7.2 TREATING FATIGUE  
 
Studies have explored interventions aimed at reducing fatigue, with 
accumulating evidence suggesting that symptom improvement is 
achievable.  
 
NON-PHARMACOLOGICAL INTERVENTIONS   
 
In a recently published RCT of patients with stable diffuse glioma and 
severe fatigue, CBT was shown to significantly improve fatigue 
severity.(125) The intervention targeted fatigue-maintaining thoughts 
and behaviors, including patterns related to sleep, activity, and coping. 
It combined therapist sessions with individualized online modules and 
email support. After 12 weeks, 68% of patients in the intervention group 
were no longer severely fatigued compared to 24% in the control group. 
The intervention also improved anxiety and HRQoL. As can be seen in 
figure 8, both the CIS (checklist individual strength) and FSS (Fatigue 
severity scale) questionnaires on fatigue yielded clear results of the 
effect on fatigue.  
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Figure 8. Longitudinal line plots for primary endpoint (CIS score) and a secondary 
fatigue endpoint (FSS score). Patients were assessed pre- and post-intervention (2 

weeks) and at 12 weeks follow-up. Each dot represents one patient.  
Orange = intervention group, blue = control group. Abbreviations: CIS Score = 

checklist individual strength score in fatigue, FSS = fatigue severity scale.  
Adapted from Gortner et al., 2025, licensed under the Creative Commons Attribution 

4.0 International License (CC BY 4.0). 

 
Variations of physical exercise have been investigated in several studies 
as an intervention for fatigue in patients with brain tumors. In an RCT 
64 patients with WHO grade 2–4 glioma received either a six week 
supervised rehabilitation intervention (n = 32) or usual rehabilitation 
care (n = 32).(126) The intervention consisted of structured physical 
therapy and when indicated occupational therapy sessions. The control 
group received usual rehabilitation care consisting of referral to 
municipal or outpatient services or no rehabilitation. At six-week 
follow-up, the intervention group showed a significantly reduced fatigue 
compared to controls.   
 
In a another RCT pilot study, clinically stable patients with WHO grade 
2-3 glioma were allocated to a six month, home-based, remotely 
supervised aerobic exercise program or to a waiting-list control 
group.(127) At follow-up, the exercise group showed indicated 
improvements in physical fatigue and reduced activity compared to 
controls, while no clear differences were observed in the other fatigue 
domains.  
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Figure 9. Within-group median changes in Z scores. Adapted from Gehring et al., 
2020, licensed under CC BY-NC 4.0.(127) Abbreviations: MFI = Mental Fatigue 
Inventory, GF = General fatigue, PF = Physical fatigue, RA = Reduced activity,  

RM = Reduced motivation, MF = Mental fatigue. 

 
In contrast, another RCT of similar sample size, but on HGG, showed 
no beneficial effect on fatigue. Instead, fatigue increased in both active 
exercise groups (endurance and strength training), while it decreased in 
the control condition.(128)  
 
PHARMACOLOGICAL INTERVENTIONS   
 
Psychostimulants are drugs that enhance alertness, attention, and energy 
levels by increasing CNS activity.(129) Different pharmacological 
agents have been investigated as potential treatments for fatigue across 
multiple clinical populations, including various cancer cohorts.(130) 
The most frequently studied agents in this context are methylphenidate, 
dextroamphetamine, and modafinil.(129, 130)   
 
In a multicenter double-blind RCT phase III trial including more than 
600 cancer patients undergoing chemotherapy, modafinil was compared 
with placebo for treatment of fatigue.(131) Overall, modafinil showed 
no significant reduction in fatigue compared to placebo. However, 
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patients with severe fatigue at baseline demonstrated a statistically 
significant improvement with modafinil, whereas no benefit was 
observed in those with mild or moderate fatigue.  
 
Studies have also been conducted specifically in patients with brain 
tumors. A randomized but not placebo-controlled trial on the efficacy of 
modafinil and methylphenidate in patients with brain tumors 
demonstrated that both medications were associated with reduced 
fatigue with no significant differences between treatment groups. (132)  
More than 40% of patients showed a clinically meaningful improvement 
based on minimal important difference criteria. In another phase III, 
double-blind, RCT of patients with primary or metastatic brain tumors 
receiving radiotherapy, fatigue was one of the primary outcomes.(133) 
No differences in fatigue were observed between the methylphenidate 
and placebo groups at any time point, including up to 12 weeks after 
completion of radiotherapy, and fatigue levels remained largely 
unchanged over time.   
 
The evidence for the treatment of fatigue remains limited, and in Sweden 
central stimulants are typically not used in clinical practice. Central 
stimulants may also lower the seizure threshold.(134, 135) Although the 
overall risk appears low, caution  advised in clinical practice, in patients 
with a seizure risk.(135)   
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1.8 COGNITIVE FUNCTIONS 
 
Cognitive functioning encompasses several domains. Although these 
domains are here described separately for clarity, they are overlapping 
and interact dynamically.   
 
1.8.1 ATTENTION AND PROCESSING SPEED 
 
Encoding of information requires adequate attention and a sufficient 
level of processing speed, as attentional capacity and cognitive 
efficiency determine how effectively incoming information can be 
registered and processed further.(136) Attention reflects the ability to 
sustain focus over time (sustained attention), select relevant stimuli 
while inhibiting distractions (selective attention), and manage multiple 
demands simultaneously (divided attention).(137)   
 
Processing speed describes how rapidly a cognitive tasks is completed 
and is typically reflected in timed neuropsychological measures.(137) 
Because attention and processing speed depend on large-scale network 
efficiency rather than highly localized cortical regions, they are 
especially vulnerable to structural disconnection and white-matter 
changes.(136, 138, 139)  
 
Impairment in attention and processing speed may manifest as reduced 
vigilance, increased distractibility, slowed mental operations, or 
difficulty managing multiple tasks.(137) In neuropsychological 
assessment, attention is typically evaluated using tasks measuring 
sustained, selective, and divided attention, whereas processing speed is 
assessed through timed tasks requiring rapid and accurate responses. 
 
1.8.2 WORKING MEMORY 
 
Building on attention, working memory refers to the capacity to 
temporary store and manipulate information. It depends on the ability to 
sustain attention as information must first be held in mind before it can 
be actively manipulated.(137) Working memory underlies other 
functions such as executive control and supports goal-directed behavior 
in situations requiring simultaneous processing and storage of 
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information. Deficits may present as problems with for example 
maintaining relevant material under cognitive load.(120) The most 
widely recognized and extensively established theoretical framework of 
working memory is Baddeley’s multi-component model of working 
memory.  

 

Figure 10. The multi-component model of working memory presented by Baddeley, 
2000. Created in BioRender. Denes, A. (2026) https://BioRender.com/xa4os46 

 
 
Baddeley’s model explains working memory as a system of interacting 
components. The central executive represents the core component of the 
model. It is an attentional control system that guides attention, 
coordinates and regulates the sub-systems. The phonological loop 
specializes in short-term storage and maintenance of verbal and auditory 
information. It includes a temporary phonological store and a rehearsal 
process that keeps verbal information active. The visuospatial sketchpad 
is responsible for the temporary storage and manipulation of visual and 
spatial information. Like the phonological loop, it functions as a 
domain-specific subsystem.(140) The episodic buffer works as a 
temporary storage that merges  information from the phonological loop, 
the visuospatial sketchpad, and long-term memory into unified, 
multimodal representations where information can be combined and 
consciously accessed.(141) Given its role in actively maintaining and 
manipulating goal-relevant information, working memory is often 
considered an executive function.(142)  
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1.8.3 EXECUTIVE FUNCTIONS 
 
Executive functions represent higher-order control processes that 
regulate and coordinate other cognitive domains. Common executive 
functions include inhibition, cognitive flexibility, planning, monitoring, 
and also updating of working memory.(137) While working memory 
maintains and manipulates information, other executive functions 
determine how it is selected, updated, and used in line with goals.(120)  
 
Inhibitory control refers to the ability to inhibit automatic responses and 
regulate behavior in accordance with goal-directed intentions.(143) The 
response inhibition and interference control enables individuals to resist 
distractions and suppress competing stimuli in order to maintain goal-
relevant focus.(142) Updating involves actively monitoring and revising 
working memory contents by replacing no longer relevant information 
with goal-relevant material.(144) Cognitive flexibility reflects the 
ability to switch between tasks, rules, and to adjust behavior when 
circumstances or demands change.(143) The shifting builds upon 
inhibitory control and working memory, as it requires suppressing 
previously relevant rules and activating new.(142) These executive 
functions are related yet separable, reflecting both shared and distinct 
aspects of executive control.(144) Executive functions rely on 
distributed large-scale networks rather than isolated brain regions. 
Frontoparietal control systems are central for working memory, 
inhibition, and cognitive flexibility.(142, 143)   
 
Because executive functions integrate and modulate other cognitive 
domains, impairment may amplify deficits in memory, attention, and 
language. Executive dysfunction can therefore limit independent, goal-
directed behavior and consequently disrupt everyday and occupational 
functioning.(137)  
 
1.8.4 LEARNING AND MEMORY 
 
Learning and memory refer to encoding, consolidation, storage, and 
retrieval of information. Encoding is the registration and transformation 
of information into a memory trace and depends on the hippocampal 
formation to establish new declarative memories. During encoding, the 
hippocampus links distributed cortical representations into an integrated 
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memory representation. Consolidation is the process through which new 
memories are gradually stabilized. Storage means they are kept long-
term in the brain and become less dependent on the hippocampus.(145) 
Retrieval involves accessing and bringing stored information back into 
awareness.  
 
As described, these processes rely on partially distinct but interacting 
systems. Episodic memory, particularly verbal episodic memory, 
depends critically on hippocampal and parahippocampal regions and 
their interaction with lateral temporal and frontal areas.(145) Working 
memory, supports the temporary maintenance and manipulation of 
information during encoding and retrieval and is related but distinct 
from long-term memory systems.(140)  
 
Impairment in learning and memory may manifest in different patterns 
depending on the underlying mechanism. In neuropsychological testing, 
repeated learning trials are used to measure how well someone learns 
and how quickly they improve over time.(137, 145) Reduced 
improvement across trials suggests encoding difficulties, and loss of 
information over time suggests difficulties with storage. Problems with 
retrieval can also be observed despite preserved storage.(136, 145)  
 
1.8.5 LANGUAGE 
 
Language enables communication through speech and writing and 
includes comprehension, production, reading, and writing.(137) 
Although these modalities differ, they rely on shared central linguistic 
processes. In clinical assessment, language is typically evaluated 
through confrontation naming, verbal fluency, comprehension, and 
repetition tasks. Naming and fluency tasks assess lexical retrieval, while 
fluency measures additionally require controlled search and executive 
processes, making them sensitive to both temporal and frontal 
dysfunction.(137) The type of language difficulty may help localize the 
underlying dysfunction. For example, word retrieval problems may 
suggest temporal involvement, whereas reduced verbal phonemic 
fluency can indicate frontal lobe dysfunction.(136)  
 
The core language network supports both language comprehension and 
production across spoken and written modalities. It operates as an 
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integrated system specialized in processing linguistic structure and 
meaning.(146) Within this distributed frontotemporal network, partially 
specialized pathways can be identified. Syntactic (grammatical) 
processing relies predominantly on left-lateralized temporo-frontal 
connections, whereas semantic processing (the meaning of words) 
involves broader connections and is less strictly lateralized to the left 
hemisphere.(147) Models of the language network further distinguish 
between two main pathways, the dorsal and ventral streams:    
 

• The dorsal stream comprises the arcuate fasciculus and superior 
longitudinal fasciculus, which connect posterior temporal and 
inferior frontal regions and are central to phonological 
processing and auditory–motor integration.(148) 

• The ventral stream involves pathways such as the inferior fronto-
occipital fasciculus and uncinate fasciculus, supporting semantic 
processing and lexical access.(148)   

Figure 11. Conceptual model based on Chang et al. 2015.(149) Created in 
BioRender. Denes, A. (2026) https://BioRender.com/poidki4 

 

1.8.6 VISUOSPATIAL FUNCTIONING 
 
Visuospatial and constructional abilities are primarily linked to the 
parietal lobe and posterior parts of the brain.(137, 150) These functions 
allow us to perceive and interpret spatial relationships, such as how 
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objects are positioned in relation to one another.(150) They help us 
judge distance, direction, and orientation, and to mentally represent and 
process visual information.(137, 150) In clinical assessment, 
visuospatial functioning is commonly evaluated using figure copying 
tasks, block construction tasks, and visual organization measures. 
Constructional abilities refer to the capacity to organize and reproduce 
shapes and patterns, for example when drawing a figure or assembling 
objects. This requires coordination between visual perception and motor 
function.(137)  
 
Neuroanatomically, the dorsal visual stream plays a central role in 
spatial processing and visuomotor integration.(150) The right parietal 
lobe is known to be important for spatial attention and organization, and 
damages can lead to e.g. hemispatial neglect. The left parietal lobe is 
more often associated with praxis and sequential tasks, and damages can 
lead to e.g. apraxia.(137, 150)  
 
1.8.1 SOCIAL COGNITION 
 
Social cognition refers to the mental abilities that help us understand and 
respond to other people in everyday life. It involves recognizing 
emotions in others, understanding what someone else might be thinking 
or intending (often referred to as theory of mind), and being able to take 
another person’s perspective. It also includes empathy, which means 
understanding and sharing another person’s feelings, and social 
judgment, which involves knowing what is appropriate to say or do in 
different situations.  
 
In practical terms, social cognition enables individuals to recognize 
subtle social cues, such as detecting humor or identifying emotional 
states that are not explicitly expressed. It also supports the ability to 
adjust behavior according to contextual demands, for example by 
modifying conduct across different social environments. These 
capacities are essential for maintaining interpersonal relationships and 
functioning effectively in social contexts. As social cognition was not 
included in the thesis, only a brief overview is provided on the subject. 
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1.9 WHO, WHEN, WHAT?  
 
Apparent discrepancies in reported symptoms or cognitive outcomes 
may reflect differences in study design rather than true variation in 
patient functioning. When comparing findings across studies, neglecting 
key differences can lead to misleading interpretations. To interpret 
results meaningfully, three fundamental dimensions must be considered: 
who is included, when are patients assessed, and what is measured?  
 
The characteristics of the included patients are central to the 
interpretation of cognitive findings. Studies vary considerably in their 
inclusion criteria; some focus exclusively on incidentally discovered 
tumors, others on specific tumor grades or molecular subtypes whereas 
others comprise mixed populations. Certain cohorts have been restricted 
to patients who were employed or undergoing specific treatments, such 
as awake surgery or particular radiotherapy regimens with defined 
inclusion criteria, which may introduce selection bias. Given that 
cognitive outcome is influenced by multiple factors, differences in 
patient selection may largely affect reported results. Factors influencing 
cognitive functioning are discussed in more detail in Section 1.11.  
 
The timing of assessment shapes outcomes. Cognitive performance may 
vary depending on whether patients are evaluated early or late in the 
disease trajectory, during active treatment, in a stable phase, or in the 
presence of comorbid conditions. Methodological decisions are 
important, for example to determine what is considered an impairment. 
Results depend on whether studies use brief screening tools, self-
reported measures, or comprehensive objective neuropsychological 
assessments, and whether analyses focus on group averages or 
individual performance.    
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1.10 COGNITIVE FUNCTIONING ACROSS 
THE DISEASE TRAJECTORY  
 
Cognitive impairment is frequently seen in patients with glioma, also 
those with slower growth.(151) Reported prevalence varies substantially 
across studies, ranging from approximately 19% to 83% in LrGG 
populations.(136, 152) As previously described, this wide variation 
reflects the methodological heterogeneity across studies. Despite 
variability in prevalence estimates, certain cognitive domains are more 
often affected. Impairments in attention, executive functioning, 
processing speed, and memory have repeatedly been described.(136, 
151, 153-155) LrGG often give rise to subtle and gradually evolving 
cognitive impairments that may not be evident at a routine examination 
but can be identified through neuropsychological assessment.(155)  
 
1.10.1 COGNITION IN THE EARLY PHASE  
 
Cognitive impairment in patients with LrGG can be observed even 
before treatment initiation. In a longitudinal study of selected patients 
selected for awake surgery, 55.4% had at least one impaired test score 
preoperatively (defined as <−1.645 SD below the mean). At three 
months postoperatively, cognitive decline (decrease of >1 SD) was most 
frequently observed in semantic fluency (23%) and phonemic fluency 
(20%) but was also reported in other executive-demanding tasks, 
including the Stroop test and the Trail Making Test (TMT), as well as in 
measures of social cognition. However, the majority of patients 
remained stable according to this definition.(52)   
 
The first postoperative year can be a dynamic period for cognitive 
change, as many patients undergo multimodal treatment during this 
time, including surgery, radiotherapy, chemotherapy, and receive 
medications (e.g. anti seizure medication), all of which may influence 
cognitive functioning. In a prospective study of patients with IDH-
mutant LrGG selected for radiotherapy, 34% showed impairment in at 
least one domain (domain composite Z-score <−1.5), and 10% had 
impairments in multiple domains.(156) 
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Studies evaluating PROMs on cognitive function before and after 
surgery suggest that cognitive trajectories vary considerably between 
individuals, while remaining relatively stable at group level.(157) 
Similar patterns of group-level stability has been seen alongside 
cognitive decline at the individual level also when using 
neuropsychological testing, indicating that average scores can mask 
individual deterioration.(158)  
 
1.10.2 COGNITION BEYOND THE FIRST YEAR 

AFTER TREATMENT 
 
A meta-analysis of cognitive outcomes in adult patients with glioma 
suggested that in comparisons conducted at least one year after 
treatment, patients performed worse than controls or normative 
populations on several neuropsychological tests. Tests showing 
moderate impairments included semantic fluency, digit span backward, 
Stroop interference tasks, and TMT B.(159)  
 
Evidence from individual studies provide insight into cognitive 
trajectories during this period. In a large study on patients with LGG, 
cognition was assessed using the cognitive screening instrument Mini-
Mental State Examination (MMSE) before radiotherapy and at follow-
up after treatment. The results showed overall stability several years 
after treatment. Among patients without tumor progression, 
approximately 8% showed a decline at one year and approximately 5% 
at later follow-ups.(160) However, the MMSE captures cognitive 
functioning only at a superficial level, and cognitive testing was not 
performed before surgical treatment. A subgroup (n=20) of patients 
from the same RCT was actually evaluated using a more extensive 
neuropsychological test battery, and similarly found generally stable 
cognitive performance during follow-up.(161) Paired comparisons did 
not show any significant decline in cognitive performance over time. 
However, the study was likely underpowered to detect subtle changes, 
and the authors also discussed possible practice effects.   
 
Other studies using neuropsychological test batteries provide further 
evidence into cognitive changes during this period. Hendriks and 
colleagues examined tumor location and cognitive changes following 
surgery in patients with gliomas WHO grade 1–3.(138) Cognitive 
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function was assessed before surgery and again after one year. Cognitive 
changes were relatively common: 17% of the patients showed 
improvement in at least one cognitive domain, while 25% showed 
decline in one domain and 17% declined in several domains. The 
domains most often affected were attention and information processing 
speed. Interestingly, more pronounced cognitive decline was associated 
with tumors and resections in the right hemisphere, particularly in 
perisylvian and orbitofrontal regions. This was important because the 
test battery covered several different cognitive domains. However, it 
should also be noted that only 59 patients were included, molecular data 
was not available and practice effects were not accounted for (they used 
∆z>1.5 as a cut-off for change).   
 
1.10.3 LONG-TERM COGNITIVE OUTCOME  
 
Long-term cognitive outcomes in patients with LrGG have been 
examined in some studies, most often with cross-sectional design.  

In a cross-sectional study of patients with LGG (n=195) using extensive 
neuropsychological testing 1–22 years after diagnosis, patients 
performed significantly worse than healthy controls across several 
cognitive domains, including psychomotor speed, memory, attention, 
and executive functioning.(87) Impairment was defined as performance 
at least 2 SD below the mean. Deficits were not restricted to a single 
domain but tended to be more global. Approximately one third of 
patients had major cognitive impairment, defined as four or more 
deviating test scores. Disease duration was examined in regression 
analyses but was not significantly associated with cognitive functioning. 
 
Another study on 237 long-term survivors of oligodendrogliomas 
showed that cognitive difficulties can persist many years after diagnosis. 
Patients were assessed with a mean of 10 years (range 5-28) after 
diagnosis.(162)  More than half reported clinically relevant cognitive 
problems based on PROMs. Objective neuropsychological testing in the 
same cohort showed impairment (defined as z<-1.5) rates of 18% in 
processing speed and 46% in delayed episodic verbal memory.  
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In a smaller study of 63 patients with IDH-mutant gliomas, 
neuropsychological assessment was performed a median of 7 years 
postoperative (range 3–28 years).(73) Cognitive impairment, defined as 
z≤−1.5 on two tests in different domains, was observed in 48% of 
patients, while 63% showed impairment on at least one test. 
Impairments were seen across multiple domains, particularly in delayed 
episodic verbal memory (40%), executive functioning (TMT B, 33%), 
and processing speed (Coding 18%, TMT A, 19%). Cognitive 
impairment was associated with higher tumor grade, longer disease 
duration, older age at testing, and prior treatment with radiotherapy or 
chemotherapy.   
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1.11 MULTIFACTORIAL INFLUENCES ON 
COGNITION 
Cognitive functioning in LrGG should be understood as the result of 
multiple interacting influences rather than as a direct and isolated 
consequence of tumor presence. Tumor-related, anti-tumor treatment, 
biological, psychological, and contextual factors all contribute to 
cognitive outcome. 

Figure 12.  Factors influencing cognitive functioning in patients with lower-grade 
gliomas. Inspired by Weyer-Jamora et al. Neurooncol Pract, 2020.  

Created in BioRender. Denes, A. (2026) https://BioRender.com/hkidaos 
 
 

1.11.1 TUMOR-RELATED FACTORS 
 
Even when structural imaging shows a relatively small lesion without 
clear mass effect, microscopic infiltration and altered connectivity may 
still affect cognitive processing efficiency.(17) LrGG are diffuse, 
infiltrative and can disrupt large-scale neural networks. (136, 163, 164)  
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The anatomical location of the tumor determines which cognitive 
domains are at greatest risk of impairment.(149, 165) As previously 
described, the left hemisphere is typically responsible for language 
functions.(46) Within this hemisphere, language is mainly associated 
with frontotemporal regions, while learning and memory are mainly 
linked to medial temporal structures. Other eloquent functions include 
motor and somatosensory functions, which are associated with the 
frontal and parietal regions, respectively.(145, 147) In addition, visual 
abilities are linked to occipital regions, while visuospatial functions are 
associated with parietal regions, particularly in the right 
hemisphere.(164)  

 
Figure 13. Sagittal view of the lobes of the brain. Created in BioRender. 

Denes, A. (2026) https://BioRender.com/jc87nnt 

Cognitive deficits cannot be fully explained by traditional anatomical 
location.(136, 155, 166) Over time, the view of tumor localization has 
increasingly shifted toward a network-based perspective, in which 
disruption of functional white matter networks gives rise to clinical 
symptoms.(166) This has also been described in relation to cognitive 
functions in chapter 1.7.  

The extent of cognitive impairment may depend on lesion momentum, 
reflecting how quickly and widely the tumor grows and spreads into 
surrounding brain tissue.(151) Lesion momentum is considered to 
influence the brain’s capacity for plastic reorganization, thereby 
affecting how and when symptoms emerge.(17, 151, 166) IDH-mutant 
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gliomas, which typically are slow growing, have been associated with 
less pronounced cognitive impairment, possibly reflecting a greater 
opportunity for functional plasticity.(136, 151, 164, 167)  
 
Molecular subtype has emerged as an additional factor of relevance. 
(136, 149, 151, 168) IDH-wildtype tumors have been associated with 
poorer neurocognitive performance compared to IDH-mutant tumors 
prior to treatment, suggesting that tumor biology influences cognitive 
function.(151, 169) Structural and functional connectivity studies 
indicate that IDH-wildtype tumors may demonstrate more invasive 
growth patterns, lesion momentum and greater disruption of large-scale 
networks.(170, 171)  
 
1.11.2 TREATMENT-RELATED FACTORS 
 
Surgical resection, radiotherapy, and chemotherapy may all affect 
cognitive function. Resection in eloquent or network-critical regions 
may lead to transient or lasting deficits. For oncological treatment, it has 
been difficult to study chemotherapy in isolation, but it is believed that 
it may contribute to decline through effects on neurogenesis and 
network integrity.(172) Radiotherapy has shown mixed results 
regarding cognitive adverse effects, where time since treatment and 
choice of assessment instrument partly influence the findings.(75, 173) 
In a Cochrane review from 2019, it is stated that it “may increase the 
risk of neurocognitive side effects in the long term” for patients with a 
good prognosis.(75) Another review further reported that factors such 
as fraction dose and total radiation dose may influence the magnitude of 
cognitive effects observed after radiotherapy.(173) The adverse effects 
are thought to be associated with treatment-induced white matter 
damage and microvascular alterations.   
 
Several studies have identified impairments specifically in processing 
speed, memory, and executive functioning.(76, 87, 173) Some studies 
have shown radiotherapy to be associated with delayed cognitive decline 
several years after treatment.(174, 175) A long-term follow-up study on 
patients with LGG showed that patients who received radiotherapy 
(without chemotherapy) had cognitive declines while those receiving no 
adjuvant treatment showed cognitive declines only in the group 
receiving radiotherapy indicating that this treatment is related to 
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negative cognitive outcome.(76)   
 
1.11.3 SEIZURES AND MEDICATION 
 
Epileptic seizures are very common in patients with LrGG and may 
independently affect cognitive functioning. In addition, antiepileptic 
drugs and corticosteroids can influence attention, processing speed, and 
memory, and antiepileptic drug use has been linked to poorer cognitive 
performance.(87) Sedative effects, mood changes, and reduced alertness 
may contribute to subjective and objective cognitive inefficiency.(155) 
Thus, cognitive impairment may reflect not only tumor and treatment 
effects, but also pharmacological burden.  
 
1.11.4 FATIGUE, SLEEP AND PSYCHOLOGICAL 

FACTORS  
 
Mental fatigue is highly prevalent in patients with LrGG and has been 
shown to correlate with reduced cognitive performance and employment 
status.(120) Fatigue can make problems with attention and executive 
functions more noticeable by making tasks feel more effortful and make 
it harder to stay focused and mentally engaged over time. Sleep 
disturbance can further worsen fatigue by increasing overall tiredness 
and reducing mental alertness. Fatigue is discussed in more detail in 
section 1.7.  
 
Symptoms of depression and anxiety are frequently reported in brain 
tumor populations and may independently affect concentration, 
memory, and motivation.(105, 176) Psychological distress may also 
alter subjective perception of cognitive functioning.(89) Distinguishing 
primary cognitive impairment from affective contributions is therefore 
important. Psychological factors are presented more in section 1.6.  
 
1.11.5 DEMOGRAPHIC AND GENETIC FACTORS 
 
Age has been examined as a potential determinant of cognitive outcome 
in glioma populations. Several studies report associations between 
increasing age and poorer neurocognitive performance; however, 
findings are not entirely consistent across cohorts, and the magnitude 
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and independence of this effect vary.(73, 136, 177) Educational level 
and cognitive reserve may modulate the resilience.   
 
APOE, particularly the ε4 allele, has been suggested to influence 
cognitive functioning, as associations have been observed in other 
clinical populations, and in a cohort of patients with brain tumors.(178, 
179) However, most studies have not demonstrated comparable 
findings.(180)  
 
1.11.6 COMORBIDITY AND GENERAL HEALTH 
 
Vascular risk factors, such as hypertension and cerebral small vessel 
disease, together with diabetes and comorbid neurological or 
neurodegenerative conditions including dementia, are well-established 
contributors to cognitive impairment in the general population. (181, 
182) Through reduced cognitive reserve and increased cerebral 
vulnerability, these factors may also influence cognitive functioning in 
patients with LrGG. Also psychiatric comorbidities such as depression 
has been related to reduced cognitive performance in the general 
population.(183) Comparable relationships have been observed in 
patients with brain tumors.(184)    
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1.12 HEALTH-RELATED QUALITY OF LIFE  
 
HRQoL is a multidimensional construct that includes physical, 
cognitive, emotional and social functioning.(86) In patients with LrGG, 
HRQoL has emerged as a key outcome alongside survival and several 
studies have reported impaired HRQoL across multiple domains.(119, 
176, 185, 186) A review reported substantial differences between 
studies in HRQoL measures, timing of assessments, and treatment 
variables examined, making comparisons between findings 
challenging.(186)  
 
In a large cross-sectional study by Aaronson et al., on patients with LGG 
(without molecular classification) were assessed an average of 5.6 years 
after diagnosis.(185) Compared with norms from the general 
population, patients reported problems across several domains of 
HRQoL, including role functioning (physical and emotional), general 
health perceptions, vitality, social functioning, and mental health. 
Another more recent large longitudinal study reported similar findings, 
with poorer cognitive, emotional, and social functioning in patients with 
LGG compared to controls. In addition, fatigue was common in this 
cohort. Role functioning, social functioning, and fatigue were strongly 
related to global health status/quality of life (QoL).(124) 
 
An important consideration is that deterioration in HRQoL may occur 
at the individual level even when group-level averages appear stable. An 
example of has been shown in a longitudinal study of patients with IDH-
mutant LrGG, where deterioration beyond minimal clinically important 
difference was observed at the individual level despite stable group-
level means, with worsening in fatigue in 33% of patients and in global 
health status in 24%.(187)  
 
1.12.1 COGNITION AND HRQOL 
 
In the previously mentioned study by Aaronson et al., PROMs were used 
to report on cognitive complaints. They found that particularly 
forgetfulness (27%) and concentration difficulties (26%) were 
commonly reported.(185) Poorer HRQoL was associated with a greater 
epilepsy burden and with a higher number of objectively assessed 
cognitive deficits.(185) However, the study did not specify which 
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individual cognitive tests or domains accounted for this association.  
 
Using data from the same cohort of patients, Boele et al. further 
examined the relationship between objective cognitive functioning and 
HRQoL.(188)  The analysis showed that poorer cognitive performance 
was associated with worse disease-specific and generic HRQoL. In 
particular, lower performance in executive functioning, processing 
speed, working memory, and information processing was related with 
poorer mental health and overall HRQoL.  
 
1.12.2 TREATMENT, FATIGUE AND HRQOL 
 
Treatment factors and diagnosis may also influence HRQoL in patients 
with glioma.(186) In the systematic review treatment was one of the 
most examined factors. Some studies reported associations between 
oncological treatment and lower HRQoL, while others did not find such 
relationships. The extent to which radiotherapy independently 
influences HRQoL remains difficult to determine because several things 
occur at the same time, such as disease progression and treatment-
related factors.   
 
In a longitudinal cohort of patients undergoing primary glioma surgery, 
deterioration in HRQoL between one and six months postoperatively 
was associated with HGG subtype, comorbidities, and lower resection 
grades.(189) However, this association may partly reflect the overall 
worse health status and prognosis in more aggressive disease. In another 
cohort assessing HRQoL after surgery for LrGG, several HRQoL 
domains declined during the first months after surgery. These changes 
were only weakly associated with surgical variables, including 
EoR.(190)  
 
Fatigue frequently co-occurs with other symptoms such as cognitive 
deficits and depression, contributing to an overall symptom burden that 
can negatively affect patients’ QoL.(119) In a large cohort of patients 
with stable disease several years after diagnosis, worse functioning and 
greater symptom load were associated with poorer generic and disease-
specific HRQoL.(188)  
 
In another, more recent longitudinal population-based study, fatigue and 
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global HRQoL were among the domains most frequently changing at 
the individual level in patients with LrGG, and deterioration in fatigue 
often occurred alongside worsening HRQoL.(187) Fatigue has 
previously been described more in detail in section. 1.7.  
 
1.12.3 RESPONSE SHIFT  
 
When interpreting longitudinal HRQoL data, the possibility of response 
shift should be considered. Response shift refers to a process in which 
patients recalibrate their internal standards or reprioritize life domains 
when evaluating HRQoL after illness or treatment.(191) In cancer 
populations, this adaptation may lead patients to report stable or 
improved HRQoL over time despite persistent symptoms or functional 
limitations.   
 
Evidence from glioma populations remains limited. In a prospective 
study assessing HRQoL before and after glioma surgery, no overall 
response shift was observed at the group level, but it was identified in 
patients whose HRQoL changed.(192) In these patients, retrospective 
reassessment of baseline HRQoL showed that patients who improved 
tended to rate their previous health as better than originally reported, 
while those who deteriorated tended to rate it as worse. This process 
reduced the apparent magnitude of HRQoL change between baseline 
and follow-up.  
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1.13 RETURNING TO WORK  
 
Returning to work (RTW) constitutes an important marker of functional 
recovery and societal reintegration after treatment.(193) For patients 
with LrGG, who are often adults in the midst of their working lives, 
maintaining participation in professional life can be important for the 
feeling of independence, social integration and well-being.  
 
In a systematic review on RTW after surgery for LGG, rates varied 
largely.(193) Across the included studies, the timing varied 
considerably, ranging from 15 days to 22 months after surgery. The 
proportion of patients employed at the time of diagnosis varied between 
studies. The review included studies in which patients with LGG were 
part of the cohort, meaning that some studies included only a small 
number of such patients.(193, 194)    
 
Among the larger studies including only patients with LGG, RTW rates 
of up to 94% during follow-up were reported. This was in patients 
undergoing surgery for tumors located in eloquent areas and using 
intraoperative mapping, all WHO grade 2 gliomas (pre-molecular 
classification).(195) In a later study from the same group, where 
molecular data was available (16% IDH-wildtype tumors), 83% had 
RTW within one year after surgery.(52) In another, cross-sectional 
study conducted at a median of 8 years after diagnosis  73 patients with 
WHO grade 2 tumors (88% IDH-mutant) were included.(196) Of those 
employed at diagnosis (n=61) 52% were working at follow-up. These 
findings should be interpreted with some caution given the relatively 
low response rate of 57%.   
 
RTW often involves adjustments in the work situation, such as modified 
workload and tasks, reduced working hours and changes in employment 
position, affecting approximately one-third to one-half of patients.(194, 
196-198) However, work adjustments have also been reported in more 
than one-third of cases during the year preceding diagnosis.(199). An 
interview study including patients with different types of cancer 
reported similar experiences, highlighting workplace support and RTW 
as a way to regain normality. Financial pressures were also described as 
a common driver for RTW, while patients often reported receiving little 



Isabelle Rydén 
 

49 
 

guidance from the healthcare regarding work-related issues.(200)   
 
1.13.1 FACTORS RELATED TO RTW  
 
Several studies have examined predictors of RTW following treatment. 
One important factor is epilepsy. Given the high prevalence of epilepsy 
in this patient group and associated driving restrictions, typically lasting 
one year and considerably longer for professional drivers, may affect the 
ability to RTW.(201)   
 
Other studies have identified sociodemographic factors. Older age and 
lower functional status have been related to poorer RTW in several 
studies.(194, 196, 202) Female sex has also been linked to lower rates 
of RTW in some studies.(196, 203) Occupational characteristics such as 
being employed prior to surgery and having a white-collar occupation, 
typically involving less physically demanding work, have been 
associated with a higher likelihood of RTW.(194, 202, 203)  
 
Clinical and treatment-related factors have also been studied. In a mixed 
glioma cohort, sole breadwinner status, smaller tumor volume, and 
better preoperative memory performance were significantly associated 
with the probability of RTW.(203) Surgical factors have also been 
investigated. A greater EoR has been reported to be significantly related 
to RTW in some cohorts.(204, 205) There are also studies indicating that 
the use of intraoperative mapping or awake surgery may improve 
outcome and RTW.(197, 205, 206) However, in a recent multicenter 
cohort, one center with substantially lower use of awake surgery 
demonstrated comparable RTW rates and even higher EoR, suggesting 
that EoR may be a more important determinant than surgical approach. 
 
Postoperative oncological treatment may also influence RTW, as 
patients may need to participate in ongoing treatment and experience 
side effects that can affect their RTW.(194, 207) Fatigue is a key factor 
influencing RTW and often requires adjustments in working hours, 
workload, or job tasks.(120, 194, 197, 202) Cognitive functioning has 
also been related to RTW, with impairments in domains such as 
processing speed, language, and sustained attention reported to 
negatively affect the capacity to perform work-related tasks.(196, 208)  
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2 AIM 
The overall purpose was to investigate functional outcomes following 
standard treatment of lower-grade glioma.    

1. To study patterns of sick leave and explored predictors for return 
to work (RTW) in patients with low-grade glioma in Sweden, 
compared to a matched control group. We hypothesized that 
RTW would be gradual and influenced by multiple factors.  
 

2. To investigate temporal patterns of the use of psychotropic, and 
anti-epileptic drugs in patients with low-grade glioma around 
time for diagnosis compared to a matched control group. In 
addition, the aim was to explore predictors for drug use. We 
hypothesized that drug use would increase around the time of 
tumor discovery and remain significantly elevated in patients 
compared to controls over time.    
 

3. To outline cognitive trajectories from pre-operatively to one year 
post-operatively, in patients with IDH-mutant gliomas receiving 
guideline-based treatment. In addition, the aim was to explore 
predictors of cognitive declines. We hypothesized that patients 
would show measurable cognitive declines over the first year, 
and that clinical and treatment-related factors would predict such 
decline.  
 

4. To identify how different aspects of cognitive functioning relate 
to patients’ global HRQoL at different stages of the disease, in 
patients with IDH-mutant gliomas. We hypothesized that 
specific cognitive impairments would be associated with 
reduced global HRQoL, and that the relative importance of 
domains would vary across disease stages. 
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3 PATIENTS AND METHODS 

3.1 STUDY DESIGN AND PARTICIPANTS  

All studies included in this thesis were observational cohort studies 
based on nationwide registry data or prospective clinical cohorts. Study 
I and II were retrospective registry-based matched cohort studies, using 
controls from the general population for comparison. Study III was a 
prospective longitudinal multicenter study, in which patients were 
assessed before and one year after treatment. Study IV was a cross-
sectional study using data from several time points during the disease 
trajectory. Table 1 presents an overview of the included studies.  
 
All included patients were diagnosed in Sweden with a diffuse glioma 
verified by histopathology. For paper I and II, patients were classified 
according to the 2007 WHO classification of tumors of the CNS and for 
paper III and IV patients were classified according to the 2021 WHO 
classification.(20)   

Table 1. Overview of the included studies. 
Title Study type Status N Classification 

I. Return to work following 
diagnosis of low-grade 
Glioma: A nationwide 
matched cohort study 

Retrospective 
registry-based 
study  

Published in  
Neurology 
2020 

Patients  
n = 381, 
Controls  
n =1900 

Oligodendroglioma, 
astrocytoma or 
oligoastrocytoma 
WHO 2007 Grade 2 

II. Psychotropic and anti-
epileptic drug use, before 
and after surgery, among 
patients with low-grade 
glioma: a nation-wide 
matched cohort study. 

Retrospective 
registry-based 
study  

Published in  
BMC Cancer 
2021 

Patients  
n = 485, 
Controls  
n = 2412 

Same as study I 

III. Reliable cognitive 
changes the first year 
following guideline-based 
treatment of IDH-mutated 
gliomas: a longitudinal 
multicenter study 

Prospective 
cohort study 

Published in 
Neuro-Oncology  
2025 

Patients  
n =127, 
Controls 
n = 88 

IDH-mutated 
astrocytoma or IDH-
mutated Grade 2-4 & 
1p/19q co-deleted 
oligodendroglioma  
grade 2-3 WHO 2021 

IV. Contribution of 
cognitive function and 
fatigue to HRQoL in 
patients with IDH-mutant 
gliomas - from diagnosis to 
long-term follow-up 

Cross 
sectional study 

Submitted Patients  
n = 82-107 
 

Same as study III 
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3.2 DATA SOURCES AND REGISTRY 
LINKAGE  

In Sweden, each resident is assigned a unique personal identification 
number, which enables linkage between various national registries. 
These registries contain both non-medical information, as well as 
health-related and disease-specific data. This infrastructure allows 
large-scale, population-based research and facilitates the inclusion of 
matched control cohorts.  
 
This approach was used in Study I and II, where data from multiple 
national sources were combined through individual-level linkage. 
Patients were identified by the Swedish Brain Tumor Registry (SBTR) 
and their recorded diagnoses. Patients receiving a pathological diagnosis 
of grade 2 astrocytoma, oligoastrocytoma or oligodendroglioma (WHO 
2007) between 2005 and 2015 were included.(209) Patients had to be at 
least 18 years of age at their first surgery. Information was transferred 
from the SBTR to Statistics Sweden (SCB), which added information 
from their registry and created a matched control group. SCB also 
produced an encrypted key code that they held. SCB received linked 
data from the Swedish Social Insurance Agency (SIA) and two registries 
from the National Board of Health and Welfare (NBHW). Data was then 
delivered in coded form to Sahlgrenska University Hospital for analysis.  
 
3.2.1 THE SWEDISH BRAIN TUMOR REGISTRY  
 
The Swedish brain tumor registry (SBTR) is a national quality registry 
covering all six neurosurgical units in Sweden. It includes adult patients 
(≥18 years) diagnosed with primary brain tumors and provides detailed 
information on demographics, preoperative symptoms, imaging 
findings, tumor size and location, surgical approach, histopathology, 
postoperative treatment, and short-term complications. As no other 
neurosurgical departments than those represented in the SBTR perform 
brain tumor surgery in Sweden, the SBTR represents nearly all 
surgically treated brain tumor cases nationwide.  

Data are reported to the SBTR by using standardized forms. Reporting 
coverage has generally been high. For our population-based analyses, 
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regions and years with a minimum of 80% registration rate were 
included. To ensure completeness, registry data were cross-checked 
against the compulsory National Cancer Registry. During the study 
period (2005–2015), regions that did not meet this threshold were 
excluded for specific years. As a result, data collected between 2005 and 
2011 from one center and between 2005 and 2008 from another were 
excluded. Based on patient records from nearby years, the estimated 
number of patients lost during these periods was approximately 165. In 
total 547 patients were extracted from the SBTR. Data was accessed 
October 21, 2016. Demographics and clinical characteristics, tumor-
related and treatment related variables were retrieved from the SBTR. 
Definitions of the variables are presented in Table 2 below.   
 
Table 2. Definition of variables.  

Category Definition 

Index date Date of surgery according to the SBTR. Controls were assigned the 
same index date as their corresponding patients. 

Index year Year of surgery according to the SBTR. Controls were assigned the 
same index year as their corresponding cases. 

Sex Biological sex. 
Age Age at diagnosis.  
WHO 
performance 
status 

Patient’s level of functional ability, ranging from fully active (0) to 
disabled, confined to bed (4). 

Tumor 
laterality 

Defined as left, right or bilateral.  

Tumor size Tumor size according to the largest diameter were separated into 
three categories: <4 cm, 4–6 cm, and >6 cm.  

Days from 
imaging to 
surgery 

Number of days from the first imaging indicating a well-founded 
suspicion of a tumor to the first surgical intervention. 

Surgical 
procedure 

Either a biopsy or resective surgery.  

New deficit 
after surgery 

New neurological deficit (dysphasia, paresis/plegia, cranial nerve or 
cognitive deficit) persisting >30 after surgery.  

Reoperation Reoperation due to complication 
Radiotherapy Treatment with radiotherapy. Yes/no according to SBTR. This 

variable was combined with data from the NPR (see below) 
Chemotherapy Treatment with chemotherapy. Yes/no according to SBTR. This 

variable was combined with data from the NPR and the NPrP (see 
below) 
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3.2.2 STATISTICS SWEDEN  
 
SCB is the national authority responsible for compiling and coordinating 
official statistics in Sweden. The agency maintains comprehensive 
registers containing demographic and socioeconomic data for all 
residents. For study I and II, data were obtained from several national 
registers held by SCB: the Register of the total population (RTB), the 
Longitudinal database for integration studies (STATIV) and the Income 
and taxation register (IoT).   

Variables retrieved from SCB registers: 

• Register of the Total Population (RTB):   
Controls: sex, year of birth  

• Longitudinal Database for Integration Studies (STATIV): 
Patients and controls: Highest attained education (according to 
SUN2000). 

• Income and Taxation Register (IoT):   
Patients and controls: disposable income and total income 
earned for patients and controls.  
 

Table 3. Definition of variables 

 
Control individuals were selected from RTB, with five controls matched 
to each patient by year of birth, sex, educational level, and municipality 
of residence at the turn of the year preceding diagnosis. Each control 
individual was used only once. Due to limited availability of suitable 
matches, the control cohort was incomplete for some cases, resulting in 
12 fewer controls than expected. In total, 2412 controls were extracted 
from SCB.   
 

Category Definition 

Educational 
level 

Educational attainment categorized according to the Swedish 
nomenclature for education (SUN2000) and grouped into 
primary/secondary education (grades 1–4) and higher education 
(grades 5–7).  

Income Disposable income and total income earned.  
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3.2.3 THE NATIONAL BOARD OF HEALTH AND 
WELFARE REGISTRIES  
 

3.2.3.1 THE NATIONAL PATIENT REGISTRY  
 
The national patient registry (NPR) includes all hospital admissions and 
specialist outpatient visits in Sweden since 2001. Reporting is 
mandatory and nationwide coverage exceeds 99%. Each record includes 
admission and discharge dates, and diagnoses are coded according to the 
International Classification of Diseases (ICD-10), and procedural codes. 
Data from the NPR were used to define comorbidities and previous 
medical history. Comorbidity burden was quantified using the 
Elixhauser Comorbidity Index, excluding conditions directly related to 
the brain tumor disease.(210)   
 
3.2.3.2 NATIONAL PRESCRIPTION REGISTRY 
 
Established in July 2005, the National prescription registry (NPrP) 
contains comprehensive data on all prescribed medications dispensed at 
Swedish pharmacies, with mandatory reporting from all providers. Each 
entry includes the Anatomical Therapeutic Chemical (ATC) 
classification code, quantity dispensed, and date of dispensing. Drug use 
was defined as at least one dispensed prescription within 90 days for 
antiepileptic and antidepressant medications, or within 30 days for 
sedatives, reflecting the typical prescription intervals for these drugs.  
 
Table 4. Description of variables from the NPR and NPrP   
 

Category Definition 

Anti-epileptic drug 
use 

Purchase of any drug in ATC class N03A (antiepileptics), excluding 
those mainly used for pain: N03AX12 (Gabapentin) and N03AX16 
(Pregabalin). 

Antidepressant use Purchase of any drug in ATC class N06A (antidepressants). 
Sedative use Purchase of any drug in ATC classes N05B (anxiolytics) or N05C 

(hypnotics and sedatives), excluding N05CD08 since it is commonly 
used to treat seizures. 
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History of seizure A purchase of anti-epileptic drugs (ATC N03A, excluding 
N03AX12 and N03AX16), or a diagnosis according to ICD-10 code 
G40 (epilepsy), or a registration of seizure as a symptom in the 
SBTR within one year prior to the index date. 

History of 
depression 

A purchase of antidepressants (ATC N06A), or a diagnosis 
according to any of the following ICD-10 codes: F20.4, F31.3–
F31.5, F32, F33.0–F33.3, F34, F41.2, F43.2 within one year prior to 
the index date. 

Anxiety and/or 
sleeping difficulties 

A purchase of drugs in ATC classes N05B or N05C (except 
N05CD08) and/or a diagnosis according to any of the following 
ICD-10 codes: G47, F40, F41.0, F41.1, F41.3, F41.8, F41.9, F42.0, 
F42.1, F42.2, F42.8, F42.9. 

Comorbidity Elixhauser Comorbidity Index according to standard definitions. 
The conditions G40, G41 (Status epilepticus), R56 (Convulsions), 
R47 (Dysphasia/aphasia), and C70–C72 (Malignant tumor in the 
CNS) were removed from the index due to possible association with 
diagnosis of LGG. Cases and controls were assigned a score from 0 
to 30 based on comorbid categories present or not and reported as 0, 
1, 2, or ≥3. The ICD-10 data used to classify comorbidity was taken 
from the NPR during the year prior to index date. 

Radiotherapy Administration of radiotherapy (RT) according to the NPR, or a 
registration of RT in the SBTR.  

Chemotherapy Administration of chemotherapy according to the NPR or 
prescription for chemotherapy (ATC: L01) according to the NPrP. 
after index date or registration of chemotherapy in the SBTR.  

 
 

3.2.4 THE SWEDISH SOCIAL INSURANCE AGENCY  
 
The Swedish social insurance agency (SIA) is a Swedish government 
agency responsible for administering financial support in cases of 
illness. In Sweden, employers cover sick leave for the first two weeks, 
after which SIA provides sickness benefits. This register was used in 
Study I to determine RTW status at one and two years after surgery. 
Data from the year preceding diagnosis were also included to examine 
patterns before tumor detection.  
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Variables retrieved from the SIA: 
• Time periods with received compensation (including the first 

two weeks being paid by the employer)  
• Type of compensation (temporary or permanent).  
• Degree of work incapacity (25%, 50%, 75%, 100%) 

 
 
Table 5. Descriptions of variables from the SIA  
  

Category Definition 

Return to work Considered to have taken place once compensation payments 
ended; the return was not necessarily full. 

Previous sick-
leave 

Net days absent prior to index date (per 10 days). A composite 
measure defined by multiplying the number of compensated days 
by the level of compensation, yielding an annual value ranging 
from 0 to 365; in the event of death, patients were classified as not 
working (100% absence from work) 
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3.3 METHOD FOR STUDY I 
 

3.3.1 STUDY POPULATION 
 
In total, 547 patients were identified in the SBTR. Individuals over 60 
were excluded as many in this age group are near retirement and may 
decide not to RTW for reasons unrelated to their disease or treatment. In 
addition, patients that did not receive sick-leave compensation at the day 
of their surgery were excluded. For the one-year analysis, this rendered 
a group of 381 patients and 1900 matched controls (five missing 
matches). For the two-year analyses, an additional 38 patients (and their 
respective controls) were excluded since they were diagnosed in 2015 
and did not have two-year follow-up data available at the time. Hence 
343 patients were included in the two-year analyses. Figure 14 displays 
a flow chart of the inclusion of patients.   
 

 
Figure 14. Flow chart of patient inclusion 
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3.3.2 VARIABLES AND OUTCOMES 

RTW at one year, and at two years after surgery respectively were used 
as outcome variables in regression analyses. RTW was defined as no 
longer receiving full sick-leave compensation (see table 5). The 
following covariates were used as potential predictors of RTW: index 
year, sex, age, WHO performance status, tumor size, educational level, 
income, history of seizure, history of depression, comorbidity and 
previous sick-leave. See tables 2-5 for descriptions of each variable. 
Sensitivity analyses were performed for one and two years respectively. 
These were done to investigate the influence on other, postoperative and 
treatment-related variables. Variables comprised tumor laterality, 
surgical procedure, radiotherapy, chemotherapy, reoperation, and new 
deficit after surgery. These variables are presented in table 2.   
 
In addition to the dichotomous RTW outcome, temporal patterns of 
work participation were examined. For each day from 365 days prior to 
index date until 365 days after index date (and up to two years for the 
extended analysis), individual compensation status was categorized as 
no compensation, partial compensation (25-75%), or full compensation 
(100%). Deceased patients were classified separately. Daily proportions 
of patients and controls within each category were calculated at group 
level and used for graphical visualization.  
 
3.3.3 STATISTICAL ANALYSES 
  
Data were imported into myQOL (Oracle). Data on sick leave were 
processed using Python version 2.7 (Python Software Foundation). R 
Statistical software version 3.1 was used to perform statistical analyses. 
Univariable and multivariable logistic regression models were used to 
identify predictors of RTW. Statistical significance was set at p-value 
<.05 (a two-sided) for all tests. For the sensitivity analyses, predictors 
with a p-value <.15 in the univariable models, were included in the 
multivariable models using forward selection. These models also 
included postoperative and treatment-related variables. Model 
performance was evaluated with C-statistics. Continuous variables were 
reported as medians with interquartile ranges and compared using the 
Mann–Whitney U test. Categorical variables were reported as counts 
and proportions comparing cases and controls using Fisher’s exact test.   
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3.4 METHOD FOR STUDY II  
 

3.4.1 STUDY POPULATION 
 
The same registry framework was used as in Study I. Of the 547 patients 
initially identified, 58 patients diagnosed before October 1, 2006 were 
excluded due to incomplete NPrR coverage (established in July 2005, 
with a three-month run-in period). In addition, patients who had 
emigrated (n=4) were excluded. In total, 485 patients and their 
corresponding controls were included.  
 

 
Figure 15. Flow chart of patient inclusion 

 
3.4.2 VARIABLES AND OUTCOMES  

The outcomes for this study were the use of antiepileptic, antidepressant, 
and sedative medications respectively. Definitions of these variables are 
described in table 4. Each patient’s medication history was traced from 
one year prior to one year after the surgery. A one-year period before 
the index date was used to define medical history variables. The 
following covariates were used as potential predictors of RTW: index 
year, sex, age, WHO performance status, tumor size, educational level, 
income, history of depression, use of antidepressant preoperatively, 
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history of anxiety and/or sleeping difficulties, use of sedatives 
preoperatively, history of seizure, use of anti-epileptic drugs 
preoperatively. Definitions of the variables are presented in table 2-4. 
 
3.4.3 STATISTICAL ANALYSES  

Data from the registries were imported into a MySQL (Oracle) database. 
Drug dispensations were analyzed for each individual based on date and 
ATC codes using Python. Statistical analyses were performed in R 
(version 3.1) and SPSS (version 25.0).  
 
For each calendar day from one year before to one year after the index 
date, individuals were classified as current users or non-users within 
each drug category based on predefined exposure windows (90 days for 
antidepressants and antiepileptics, and 30 days for sedatives). The daily 
proportion of patients and controls classified as users within each drug 
category was calculated relative to the total number of individuals in 
each group and illustrated graphically with 95% confidence intervals. 
Continuous variables were summarized as medians with interquartile 
ranges and compared using the Mann–Whitney U test, while categorical 
variables were expressed as counts and proportions and compared using 
Fisher’s exact test.  
 
To identify predictors of drug use one year after surgery, univariable and 
multivariable logistic regression analyses were performed separately for 
antidepressants, sedatives, and anti-epileptic drugs. Only patients alive 
one year after index date were included in the regression analyses.  
 
Sensitivity analyses were conducted in which diagnoses and dispensed 
medications were entered separately in the regression models to assess 
the robustness of the exposure definitions. All tests were two-sided, and 
a p-value <.05 was considered statistically significant.  
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3.5 METHOD FOR STUDY III   
 

3.5.1 STUDY POPULATION 
 

3.5.1.1 PATIENTS 
 
Between January 2016 and May 2024, patients were prospectively 
recruited from two Swedish university hospitals covering population-
based regions in Sweden: Sahlgrenska University Hospital in 
Gothenburg and Uppsala University Hospital in Uppsala. Eligible 
participants were identified through multidisciplinary neuro-oncology 
conferences at each site.  
 
Adult patients (≥18 years) with MRI features indicative of a diffuse 
LrGG, typically a hyperintense lesion on T2-FLAIR without significant 
contrast enhancement, were invited to participate and underwent 
preoperative neuropsychological assessment. Eligibility required that 
patients were scheduled for resective surgery or biopsy.  
 
Patients with a histopathologically verified IDH-mutant astrocytoma or 
oligodendroglioma were assessed again approximately 12 months 
following surgery and were included in the final analyses. All 
participants received written and oral study information and provided 
written informed consent.  
 
3.5.1.2 CONTROLS 
 
A separate comparison group was established to enable calculation of 
reliable change indices (RCIs) and to account for expected variation and 
learning effects between repeated assessments. The control sample 
consisted of cognitively healthy adults recruited from the community. 
Recruitment was carried out through advertisements in public settings 
and professional networks. Controls were selected to approximate the 
patient cohort in terms of age, sex distribution, and educational level. 
All control participants underwent neuropsychological testing at two 
time points corresponding to the patient assessment schedule. All 
controls completed a brief health screening prior to inclusion. Written 
informed consent was obtained from all participants.   
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Figure 16. Flow chart of patient inclusion 
 

3.5.2 VARIABLES AND OUTCOMES 
 

3.5.2.1 CLINICAL VARIABLES  
 
Clinical data on demographic, treatment-related, and tumor-specific 
variables were collected from electronic health records. Tumor volume 
was quantified using semi-automated segmentation of T2-FLAIR MRI 
scans acquired preoperatively and during the early postoperative period 
(within 72 hours of surgery). Functional status was documented using 
the Karnofsky Performance Status (KPS) scale at baseline and at follow-
up. Deficits that remained present more than three months after surgery 
were classified as permanent. 
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Details regarding oncological treatment were recorded, including type 
of radiotherapy (proton or photon), prescribed total dose and 
fractionation, as well as chemotherapy regimen. During the first 
postoperative year, no cases of radiological progression were identified.  
 
3.5.2.2 HOSPITAL ANXIETY AND DEPRESSION SCALE  
 
Symptoms of depression and anxiety were assessed using the Hospital 
Anxiety and Depression Scale (HADS), a self-report questionnaire 
developed for use in medical populations.(211) HADS was completed 
prior to the neuropsychological assessment. This was the only self-
report instrument administered at both centers and therefore the sole 
patient-reported measure included in the analyses. HADS comprises 14 
items divided into two subscales assessing anxiety (HADS-A) and 
depression (HADS-D). Each item is rated on a 0–3 scale, yielding 
subscale scores ranging from 0 to 21, with higher scores indicating 
greater symptom severity. During the assessment visit, responses were 
reviewed, and any ambiguities or missing items were clarified through 
structured follow-up questions.  
 
Results from HADS-A and HADS-D were presented separately. In line 
with previous validation studies, a cut-off score of ≥8 on either subscale 
was used to indicate clinically relevant symptoms of anxiety or 
depression.(212, 213)   
 
3.5.2.3 NEUROPSYCHOLOGICAL ASSESSMENT 
 
Minor differences in the neuropsychological test batteries were present 
between centers. As the majority of patients were recruited from the 
Gothenburg site, measures administered at this center were prioritized 
when test versions were not directly comparable. Neuropsychological 
evaluations were conducted in person.   
 
BRIEF VISUOSPATIAL MEMORY TEST–REVISED  
 
The Brief Visuospatial Memory Test – Revised (BVMT-R) assesses 
visuospatial learning and memory by requiring participants to reproduce 
a set of geometric figures after brief exposure across multiple learning 
trials. Performance is evaluated for immediate recall, learning rate, and 
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delayed recall, providing indices of visual memory acquisition and 
retention.(214) Total learning and delayed recall was used as variables. 
 
REY AUDITORY VERBAL LEARNING TEST 
 
The Rey Auditory Verbal Learning Test (RAVLT) is a validated 
measure of verbal learning and memory.(215-217) It involves 
presentation of a 15-word list across five consecutive learning trials, 
each followed by immediate free recall. Performance across trials 
reflects learning capacity and acquisition rate. After a delay, a free recall 
trial is administered providing a measure of delayed verbal memory. The 
sum of learning trials and score on the delayed recall were used as 
variables.(218) 
 
TRAIL MAKING TEST 
 
The Trail Making Test (TMT) measures visual scanning, attention, 
processing speed, and executive functioning. In Part A, participants are 
required to connect numbered circles in ascending order as quickly as 
possible, primarily assessing visual scanning, sustained attention, and 
psychomotor speed. Part B increases task demands by requiring 
alternation between numbers and letters in sequence (1–A–2–B, etc.), 
thereby measuring cognitive flexibility. The task is to be performed as 
quickly and accurately as possible and has demonstrated established 
validity in assessing attention and executive functions.(219, 220) Time 
to finish part A and B respectively were used as variables.  
 
REY COMPLEX FIGURE 
 
The Rey Complex Figure Test (RCFT) is a reliable test to assess visuo-
constructive abilities through a complex figure copy task, followed by a 
visuospatial memory task through immediate and delayed recall 
conditions.(221) For the studies in this thesis, only the copying part was 
assessed. This part reflects visuo-perceptual organization and places 
executive demands on the ability to plan the drawing strategy and 
monitor and correct performance when needed.   
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BOSTON NAMING TEST 
 
The Boston Naming Test (BNT) measures confrontational naming 
ability by requiring participants to verbally identify drawings of objects 
with increasing difficulty. The test indexes word retrieval and language 
function and can also reflect semantic knowledge. A Swedish translation 
of the Boston Naming Test has been psychometrically evaluated and 
shown to be suitable for use in Swedish-speaking populations.(222) 
Number of correct words were used as variable.  
 
DELIS–KAPLAN EXECUTIVE FUNCTION SYSTEM 
 
The Delis-Kaplan Executive Function System (D-KEFS) is a 
comprehensive and validated neuropsychological assessment battery 
developed to examine different components of executive 
functioning.(223, 224) It includes a series of tasks targeting abilities 
such as cognitive control, flexibility, inhibition, and verbal production, 
and is structured to help distinguish higher-order executive processes 
from more basic cognitive skills such as processing speed and language 
abilities.(225)  
 
D-KEFS VERBAL FLUENCY 
 
The Verbal Fluency test is designed to assess different aspects of verbal 
production and executive control. In the phonemic fluency condition, 
participants are asked to generate as many unique words as possible 
beginning with each of three specified letters within a fixed time limit, 
with proper nouns and numbers excluded. This condition places 
demands on lexical retrieval, initiation, and self-monitoring. The 
semantic fluency condition requires word generation within predefined 
semantic categories; in the present study, only the animal category was 
used. The outcome variables were the total number of correct responses 
in the phonemic and semantic fluency conditions.(222)   
 
D-KEFS COLOR WORD INTERFERENCE TEST 
 
The Color–Word Interference Test (CWIT) is a timed task assessing 
processing speed and executive control across four conditions of 
increasing difficulty. Condition 1 (Color Naming) and Condition 2 
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(Word Reading) primarily measure basic processing speed and 
automatic responding. Condition 3 (Inhibition) introduces response 
conflict by requiring participants to name the ink color of incongruent 
color words, thereby assessing inhibitory control. Condition 4 
(Inhibition/Switching) further increases task demands by requiring 
alternation between response rules, providing a measure of cognitive 
flexibility under conditions of interference. In the present study, 
completion time for each condition was used as the outcome 
measure.(226)  
 
WECHSLER ADULT INTELLIGENCE SCALE - FOURTH 
EDITION (WAIS-IV) 
 
The WAIS-IV is a widely used, individually administered cognitive 
assessment for adults that examines several key aspects of intellectual 
functioning. It consists of a set of structured subtests targeting domains 
such as working memory, processing speed, verbal abilities, and 
perceptual reasoning, enabling a multidimensional evaluation of 
cognitive performance.(227-229) 
 
WAIS IV DIGIT SPAN 
 
The Digit Span task involves oral presentation of number sequences of 
increasing length. Participants first repeat the digits in the same order 
(Forward span), assessing attention span, and then repeat the digits in 
reverse order (Backward span), which place greater demands on 
working memory. A third condition, Sequencing, requires reordering the 
digits into ascending numerical order assessing mental manipulation; 
however, this condition was not administered in the present study. 
Performance was indexed by the maximum number of digits correctly 
recalled in the Forward and Backward conditions. For patients from the 
Uppsala cohort, another version of the Digit span (The RBANS -
Repeatable Battery for the Assessment of Neuropsychological Status) 
was used.(230)   
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WAIS IV CODING 
 
The Coding subtest assesses processing speed, visuomotor coordination, 
and sustained attention by requiring participants to copy symbols paired 
with numbers as quickly and accurately as possible according to a key, 
within a two-minute time limit. The variable used was the number of 
correctly copied items.  
 
Significant changes in test performance according to RCI were analyzed 
(see description of the method above). The tests where patients showed 
the most declines (>20%) were analyzed using regression univariable 
and multivariable logistic regression models, with reliable cognitive 
decline coded as a dichotomous outcome (decline yes/no). In addition, 
analyses were also performed per cognitive domain. Because of the risk 
of problems with mass significance, only seven predictors were chosen. 
Predictors were selected per category and presumed relevance. The 
variables presented in table 6 below were included as predictors.   
 
Table 6. Definitions of demographic, functional, tumor-, and 
treatment-related variables  

Variable Definition 

Age Age at the pre-operative assessment. 

KPS pre-operative Karnofsky performance status pre-operatively. 

Tumor size Tumor size in milliliters. 

1p/19q co-deletion 1p/19q co-deletion defined as the combined loss of 
chromosomal arms 1p and 19q, a defining molecular feature of 
oligodendroglioma. 

High grade Grade 2 defined low-grade, and grade 3 and 4 defined high 
grade. 

HADS >8 p preop A score >8 in either subscale indicative of problematic levels of 
anxiety and/or depression.  

Chemoradiotherapy Treatment with combined chemotherapy and radiotherapy. 
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3.5.3 RELIABLE CHANGE INDEX 
 
RCI evaluates whether an observed change in an individual’s test score 
is greater than what can be attributed to practice effects, measurement 
error or normal fluctuations. The approach incorporates test–retest 
reliability, baseline performance, and variability derived from a control 
group assessed at comparable time points. By using control group means 
and dispersion measures, the method adjusts for systematic gains related 
to test familiarity and accounts for regression toward the mean. This 
allows identification of individual changes that are unlikely to reflect 
chance variation. 
 
The adjusted, regression-based RCI, corresponding to Model 10 
described by Maassen, Bossema, and Brand, 2009.(231) 

 

 
 

• 𝐷𝐷𝑖𝑖  = The average difference in a test variable among patients calculated 
as the result at 12 months minus the result at 0 months (post - pre) 

• 𝐷̅𝐷𝐶𝐶 = The average difference in a test variable among controls (post–pre) 
• 𝑆𝑆𝑌𝑌  = Standard deviation and 𝑆𝑆𝑌𝑌2 the variance of controls at 12 months 
• 𝑆𝑆𝑋𝑋 = Standard deviation and 𝑆𝑆𝑋𝑋2 the variance of controls at 0 months 
• 𝑋𝑋𝑖𝑖 = The individuals test score at 0 months 
• 𝑋̅𝑋𝐶𝐶 = The average test score in controls at 0 months 
• 𝑟𝑟𝑋𝑋𝑋𝑋 = The product-moment correlation coefficient for the relationship 

between the controls’ scores at 0 and 12 months 

 

3.5.4 STATISTICAL ANALYSES  
 
Statistical analyses were performed using SPSS (version 28.0). All tests 
were two-sided and a p-value <.05 was considered statistically 
significant. Demographic, tumor-related, and treatment-related 
variables were summarized using descriptive statistics. Raw 
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neuropsychological test scores were transformed into standardized z-
scores based on published normative data. 
 
To evaluate within-patient change between baseline and one-year 
follow-up, paired statistical tests were applied depending on 
distributional assumptions. Proportions of impairment were compared 
using Fisher’s exact test. Reliable cognitive decline was defined 
according to the RCI methodology described above. 
 
Univariable and multivariable logistic regression analyses were 
conducted to examine predictors of reliable cognitive decline. Tests 
showing declines in more than 20% of patients were entered into 
regression models. Domain-level analyses were performed using 
averaged RCI scores within each domain. Predictors were selected 
based on predefined clinical relevance and limited to seven variables to 
reduce the risk of overfitting.  
 
3.5.5 HEATMAP VISUALIZATION OF TUMOR 

LOCATION 
 
To explore spatial patterns of tumor distribution in relation to reliable 
cognitive decline, preoperative tumor segmentations were transformed 
to standardized anatomical space. Registered tumor masks were visually 
inspected to ensure alignment accuracy. For each test showing the 
highest proportion of reliable decline, tumor masks from patients with 
and without significant decline were aggregated separately to generate 
group-wise overlap maps. Color intensity reflected the degree of spatial 
overlap within each subgroup. Visualization procedures were performed 
using standard neuroimaging software and custom scripts. 
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3.6 METHOD FOR STUDY IV 

3.6.1 STUDY POPULATION 
 
Patients were included according to the same diagnostic criteria as in 
study III. However, only patients from the Gothenburg site were 
included as self-assessments were not available from Uppsala. Patients 
were included from the longitudinal cohort. For the present study, 
inclusion required only a single assessment, meaning that participants 
had completed neuropsychological testing and a quality-of-life 
questionnaire at least at one of four time points. Additionally, patients 
diagnosed before the start of the longitudinal study in 2017, with 
substantially longer follow-up times (up to 21 years) were also invited 
to participate. This resulted in four partly overlapping groups: pre-
operative, three months, one year, and at least five years postoperative. 
Patient flow and attrition are shown in the figure on the next page. 
Patients were included between February 2017 and December 2025. 
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Figure 17. Flow chart of patient inclusion 
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3.6.2 VARIABLES AND OUTCOMES 
 

3.6.2.1 CLINICAL VARIABLES  
 
Clinical data were assessed as described in study III.   
 
3.6.2.2 NEUROPSYCHOLOGICAL VARIABLES 
 
All neuropsychological assessments were administered in person at each 
time points by a trained clinical neuropsychologist. The test battery was 
identical to that described in Study III. As in Study III, raw scores were 
converted into standardized z-scores using published normative data. 
 
Impairments in neuropsychological test outcomes were defined as 
performance ≤−1.5 SD relative to the normative mean.(177, 232) At the 
individual level, domains were classified dichotomously as impaired or 
not. Impairment was present if either two tests within a domain were 
≤−1.5 SD or one test was ≤−2.0 SD below the normative mean, in 
accordance with the recommendations of the International Cognition 
and Cancer Task Force (ICCTF).(233)  
 

3.6.2.3 SELF-ASSESSMENTS 
 
HEALTH-RELATED QUALITY OF LIFE 
 
Health-related quality of life (HRQoL) was assessed using the European 
Organisation for Research and Treatment of Cancer Quality of Life 
Questionnaire Core 30 (EORTC QLQ-C30), version 3. Scale scores 
were calculated and linearly transformed to a 0–100 metric in 
accordance with the EORTC scoring manual.(234)  
 
The primary outcome was the Global health status/QoL scale (Global 
HRQoL), based on two items evaluating overall health and overall 
quality of life during the preceding week, each rated from 1 (very poor) 
to 7 (excellent). Higher scores indicate higher experienced global 
HRQoL.(234) Missing data were handled according to the EORTC 
scoring guidelines.(234) The QLQ-C30 has demonstrated established 
validity and reliability in oncology populations.(235, 236). 
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MENTAL FATIGUE ASSESSMENTS  
 
Fatigue was assessed using the Multidimensional Fatigue Inventory 
(MFI-20), a validated 20-item self-report questionnaire comprising five 
subscales: general fatigue, physical fatigue, mental fatigue, reduced 
motivation, and reduced activity.(237) Each subscale yields a score 
based on four items rated on a five-point Likert scale, with higher scores 
reflecting greater fatigue severity.(237)   
 
A total fatigue score (range 20–100) was derived by summing all 20 
items of the MFI-20. This overall score was entered in the regression 
analyses as an indicator of global fatigue severity. Domain scores were 
calculated when at least half of the items within a domain were 
completed; missing responses were replaced using the individual’s 
mean for the remaining items in that domain.  
 
DEPRESSION AND ANXIETY  
 
Symptoms of depression and anxiety were assessed using the Hospital 
Anxiety and Depression Scale (HADS), following the same procedures 
as described in Study III.  
 
3.6.3 STATISTICAL ANALYSES 
 
All statistical analyses were conducted using SPSS (version 28.0). 
Statistical significance was defined as a two-sided p-value <.05. 
Descriptive statistics were used to summarize demographic and clinical 
characteristics.  
 
To examine the relationship between cognitive functioning and global 
HRQoL, separate hierarchical linear regression analyses were 
performed for each time point, with global HRQoL entered as the 
dependent variable. Demographic variables were included in the first 
block, followed by cognitive domains language, learning/memory, 
executive functioning, attention, visuospatial/perceptual functioning, 
and speed in the second block. The additional contribution of cognitive 
variables was evaluated by examining changes in explained variance 
(ΔR²), calculated based on unadjusted R² values.   
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Comparisons between patients with and without cognitive impairment 
were performed using independent group analyses. To assess the 
influence of patient-reported symptoms, additional regression models 
were fitted including fatigue and symptoms of anxiety/depression. In 
order to further explore the impact of fatigue, analyses were repeated in 
a subgroup defined by higher levels of fatigue. Assumptions for 
regression modelling were examined prior to analysis.  
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Ethical permits:  

• Dnr. 702-16 (main application for Study I and II), T789-17 
Covering the use of data on psychotropic drugs, and data from the 
National Patient Registry and, T180-17 approval for merging data 
from registries and, all approved by the Regional Ethical Review 
Committee. 
 

• Dnr. 1067-16 (main application for Study III) and T1068-17 
covering the use of healthy controls, and T688-18 covering the 
inclusion of patients with grade WHO grade 3. T181-17 covering 
the use of identifiable data. All approved by the Regional Ethical 
Review Committee.  

 
• Dnr. 2015/210 covering the collection and analysis of 

neuropsychological and clinical data in patients from Uppsala. 
Approved by the Regional Ethical Review Committee.  
 

• Dnr. 2022-06310-02 (Study III and IV) for inclusion of all patients 
with IDH-mutation. Approved by the Swedish Ethical Review 
Authority. 
 

• Dnr. 2021-03313 covering the long-term follow-up of patients (part 
of Study IV), approved by the Swedish Ethical Review Authority.  

 
For Study I and II informed consent was waived by the ethical 
committee. In the recruiting process (Study III and IV), all patients are 
carefully informed about the study and given time to consider their 
participation. Participation was voluntary and all patients signed a 
consent form. Withdrawal is possible at any time. Patients are given 
information on how to contact the PI.  
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5 RESULTS 

5.1 STUDY I 
Return to work following diagnosis of low-grade 
glioma: a nationwide matched cohort study 

 

 

 

 
 

 

5.1.1 VARIABLES AND OUTCOMES 
 

5.1.1.1 TEMPORAL TRENDS IN WORKING RATES  
Work participation was comparable between patients and matched 
controls one year before surgery, with 88% of patients and 91% of 
controls working. Among controls, employment rates remained stable 
throughout the entire observation period. In contrast, patients with low-
grade glioma demonstrated a distinct preoperative decline in work 
participation, driven by increasing sick leave. Sick leave among patients 
became apparent between six and three months prior to surgery, 
followed by an exponential rise during the final three months. These 
temporal changes in work participation are illustrated in figure 18. 
 

Result summary  
Patients and controls showed similar work (approximately 90 %) 
until the last months before surgery. One year after surgery, 52% 
of patients had returned to work (RTW), increasing to 63 % at two 
years. Negative predictors for RTW were previous sick leave, lower 
functional level, and adjuvant treatment at one year, and with lower 
functional level, female sex, comorbidity, and biopsy (no resective 
surgery) at two years. 
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Figure 18. Sick leave compensation in patients (upper) vs. controls (lower) from one 
year before until one year after primary surgery. Green = no compensation, yellow 
= partial compensation, red = full compensation. The dark gray stack at the bottom 

represents deceased patients. Reproduced from Rydén et al.,2020,(238) licensed 
under CC BY 4.0.   
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After surgery, patients showed a gradual and incomplete RTW during 
the first postoperative year. At one year after surgery, 52% of patients 
had RTW, of whom 28% were working full-time. Work participation 
also continued to improve during the second year. At two years 
postoperatively, 63% of patients were working, with 45% working full-
time. Despite this improvement, work participation among patients 
remained considerably lower than that observed in matched controls, 
who maintained stable working rates throughout the whole two-year 
period.   
 

 

Figure 19. Sick leave compensation in patients vs. controls from one year before until two 
years after surgery of surgery. Green = no compensation, yellow = partial compensation, 
red = full compensation. The dark gray stack at the bottom represents deceased patients. 

Reproduced from Rydén et al., 2020, (238)licensed under the CC BY 4.0. 
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5.1.1.2 MULTIVARIABLE LOGISTIC REGRESSION    
 
In the multivariable model for RTW at one year postoperatively, 
previous sick leave, older age, earlier index year, and lower preoperative 
functional level were independently associated with reduced RTW. In a 
sensitivity analysis based on forward selection, female sex replaced 
index year, while the other associations remained unchanged. In a 
further sensitivity analysis including additional variables (laterality, re-
operation, new deficit, type of surgery, chemotherapy, radiotherapy), 
oncological treatment during the first postoperative year was 
independently linked to lower RTW.   
 
In the corresponding multivariable model for RTW at two years, lower 
functional level, female sex, older age, and previous sick leave were 
independently associated with reduced RTW. In the sensitivity analysis 
using forward selection, comorbidity replaced age as a significant factor. 
In the analysis including more variables, biopsy, compared to resective 
surgery, was also independently associated with lower RTW at two 
years. Oncological treatment was not significant at this time point.  
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5.2 STUDY II 
Psychotropic and anti-epileptic drug use, before and 
after surgery, among patients with low-grade glioma:  
a nationwide matched cohort study. 

 
 
 

 

 

 

 

 

 

 

 

 

 
 

 
5.2.1 VARIABLES AND OUTCOMES  

 
5.2.1.1 ANTI-EPILEPTIC DRUGS 
 
During the year preceding surgery, patients with low-grade glioma had 
a higher prevalence of anti-epileptic drug (AED) use compared with 
matched controls. Among patients, AED use increased over the 
preoperative period, with the most pronounced increase observed during 
the months immediately preceding surgery. AED use reached its highest 
level shortly after surgery and remained elevated throughout the first 
postoperative year, whereas use among controls remained low and 
stable across the entire observation period. Temporal patterns of AED 
use in patients and controls are presented in figure 20 below. 

Result summary  
Anti-epileptic drugs (AEDs)  
Patients’ use of AEDs was 4x increased one year before surgery 
and stabilized around 60% at one year postoperatively. used AEDs. 
History of seizures and preoperative use were significant predictors 
for use at one year.  

Sedatives 
Sedative use increased sharply around surgery, peaked at 25% and 
stabilized at 10% at one year (3x more than controls). Many of the 
patients using sedatives had a history of anxiety or sleep problems. 
Previous use or related diagnosis were significant predictors 

Antidepressants 
Similar numbers before surgery but increased postoperatively up to 
12% at one year being 2x compared to controls. Previous 
depression or use of antidepressants, female sex and diagnosis 
within later years were significant predictors. 
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Figure 20. Proportion of patients with LGG (red) (95% CI) versus controls (blue) 
with a use of anti-epileptics from one year before to one year after index date. 

 

In multivariable logistic regression analyses of AED use one year after 
surgery, history of seizure and preoperative AED use were 
independently associated with AED use at one year. No significant 
associations were observed for age, sex, tumor-related variables, or 
treatment-related factors in the adjusted model. 
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5.2.1.2 SEDATIVES 

During the year preceding surgery, dispensing of sedatives did not differ 
significantly between patients and matched controls. In patients, 
sedative use increased in the period immediately surrounding surgery, 
with the highest prevalence observed shortly after the index date. 
Following this perioperative peak, sedative use declined during the 
subsequent months. At one year after surgery, sedative use among 
patients remained higher than among controls, whereas dispensing rates 
in the control group were low and stable throughout the entire 
observation period. Temporal patterns of sedative use in patients and 
controls are presented in figure 21 below.  

Figure 21. Proportion of patients with LGG (red) (95% CI) versus controls (blue) 
with a use of sedatives from one year before to one year after index date. 

 
In multivariable logistic regression analyses of sedative use one year 
after surgery, a history of anxiety and/or sleeping difficulties was 
independently associated with continued sedative use. No significant 
associations were observed for age, sex, tumor-related variables, or 
treatment-related factors in the adjusted model.  
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5.2.1.3 ANTIDEPRESSANTS 

For antidepressants patients did not differ from controls preoperatively. 
Antidepressant use increased more gradually after surgery and reached 
a stable level for several months postoperatively. At one year after 
surgery, patients had higher dispensing rates of all three drug categories 
compared with controls. The temporal distribution of drug use is shown 
in figure 22.  

 
Figure 22. Proportion of patients with LGG (red) (95% CI) versus controls (blue) 
with a use of anti-depressants from one year before to one year after index date.   

 
In multivariable logistic regression analyses for antidepressant use, a 
prior history of depression emerged as the most robust predictor of 
postoperative treatment. Female sex and later index year were also 
independently associated with a higher likelihood of antidepressant use. 
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5.3 STUDY III 
Reliable cognitive changes the first year following 
guideline-based treatment of IDH mutated gliomas:  
a longitudinal multicenter study. 

 

 

 

 

 

5.3.1 CHANGES ACCORDING TO RELIABLE 
CHANGE INDICES  

RCI:s were calculated to account for measurement error and practice 
effects. The proportions of patients showing reliable decline, unchanged 
performance, or improvement for each individual test are presented in 
figure 23.  
 
The proportion of reliable decline varied across tests. The highest 
decline rate was observed for CWIT 4 (32.4%). Decline rates above 20% 
were also seen for CWIT 1, RAVLT learning, RAVLT delayed recall, 
BNT, Phonemic Fluency, and TMT B. Small proportions of decline 
were observed for Digit Span forward, Digit Span backward, and TMT 
A. Improvements were present in a minority of patients across tests and 
were generally less frequent than declines. The highest proportions of 
improvement were observed for TMT B and Digit Symbol Coding. 

 

Result summary   
Reliable cognitive decline one year after surgery was observed in 
14–24 % of patients, depending on cognitive domain. Declines 
were most common in executive functioning, learning/memory, 
and language. Older age and chemoradiotherapy were the main 
predictors of decline.  
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Figure 23. Proportion of patients showing reliably changed results in each test 
variable based on Reliable Change Indices (RCI). Adapted from Rydén et al. 

2025.(239) Abbreviations: BVMTR = Brief Visuospatial Memory Test – Revised; 
CWIT = Color Word Interference Test; RAVLT = Rey Auditory Verbal Learning Test. 
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Table 7. Logistic regression models for identifying predictors for 
cognitive decline according to reliable change indices (significant 
predictors shown only).  
 

 * = p<.05 
 

5.3.2 LOCATION HEATMAPS 
In the heatmaps illustrating tumor distribution for patients with and 
without reliable cognitive decline showed lateralized patterns for the 
tests with the highest decline rates. For the test demonstrating the 
greatest proportion of decline, tumor overlap was predominantly left-
sided among patients with cognitive deterioration. In contrast, patients 
without reliable decline more frequently exhibited tumor distribution in 
the contralateral hemisphere. Similar lateralized tendencies were 
observed in the corresponding domain-level heatmaps although spatial 
patterns varied between cognitive domains. Domain-level heatmaps are 
presented in figure 24. 

  

Covariate Univariable 
OR (95% CI) 

 
p-value 

Multivariable,  
OR (95% CI) 

 
p-value 

Rey Auditory Verbal Learning Test, delayed recall  
Age 1.04 (1.00 – 1.08) 0.049* 1.05 (1.00 – 1.09) 0.045* 
Color Word Interference Test 1  
Age 1.04 (1.00 – 1.08) 0.043* 1.04 (1.00 – 1.09) 0.033* 
High grade  2.65 (1.14 – 6.14) 0.023* 2.71 (0.70 – 7-55) 0.057 
Chemoradiotherapy  3.97 (1.08 – 14.6) 0.038* 6.05 (1.32 – 27.80) 0.021* 
Color Word Interference Test 4 
Age 1.06 (1.02 – 1.10) 0.003* 1.08 (1.03 – 1.13) 0.002* 
KPS pre-operative  0.95 (0.91 – 1.00) 0.040* 0.99 (0.93 – 1.05) 0.632 
High grade  2.59 (1.12 – 5.97) 0.025* 2.64 (0.98 – 7.13) 0.056 
Chemoradiotherapy  4.58 (1.25 – 16.81) 0.022* 5.60 (1.16 – 26.99) 0.032* 
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Figure 24. Domain-specific heatmaps illustrating tumor distribution in patients with 
versus without significant cognitive decline. 
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5.4 STUDY IV 
Contribution of cognitive function and fatigue  
to health-related quality of life in patients with IDH-
mutant gliomas – from diagnosis to long-term follow-up 

 

 

 
 

 

 

5.4.1 COGNITION IN RELATION TO GLOBAL 
HRQOL  

Hierarchical regression analyses were conducted separately at each 
assessment time point. Preoperatively, demographic variables did not 
significantly explain variance in global HRQoL. When cognitive 
domains were added, the model improved significantly (p<.001) with 
learning and being the only domain significantly associated with global 
HRQoL (p<.001). The speed domain was not included due to 
insufficient cases. Cognitive analyses were not conducted at the three-
month follow-up, as several domains had insufficient data; two were not 
assessed due to the shorter test protocol, and others did not meet 
regression assumption.   
 
At one year postoperatively, age (p<.05) was significantly associated 
with global HRQoL, although demographic variables accounted for only 
a small proportion of variance. Adding cognitive domains further 
improved the model (p<.01). Language (p<.05) and executive 
functioning (p<.01) were the domains most clearly related to HRQoL. 
As in the preoperative model, the speed domain did not meet inclusion 
criteria. 

Result summary   
Cognitive domains were differentially associated with HRQoL 
across time points. Preoperatively, learning and memory were most 
closely related to global HRQoL. At one year, language and 
executive functioning were the domains most clearly linked to 
HRQoL. In the long-term cohort, executive functioning showed the 
most consistent relationship with global HRQoL, explaining a 
substantial proportion of variance beyond age and sex. Fatigue was 
consistently closely related to global HRQoL across time points. 
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In the long-term cohort, age (p<.01) was again a significant predictor. 
The addition of cognitive domains resulted in a clear improvement of 
the model (p<.001) and executive functioning (p<.001) was the only 
domain consistently related to global HRQoL. Cognitive domain 
analyses were not performed at the three-month follow-up due to 
insufficient data and unmet regression assumptions.  
 
5.4.1.1 ANY PRESENT COGNITIVE IMPAIRMENT 
 
Group comparisons using the dichotomous variable representing the 
presence of at least one impaired cognitive domain showed consistent 
differences in global HRQoL. Patients meeting this criterion had lower 
global HRQoL at baseline (p=.002), one year (p=.002), and long-term 
follow-up (p<.001).  
 
5.4.2 FATIGUE AND SYMPTOMS OF ANXIETY AND 

DEPRESSION  
 
Sensitivity analyses were conducted to examine the contribution of 
patient-reported fatigue and symptoms of anxiety and depression. After 
adding fatigue (MFI total score) and HADS to models after including 
demographic variables, the explained variance increased markedly 
across time points, with additional explained variance ranging from 
0.49–0.67, all p <.001. Fatigue was consistently strongly associated with 
global HRQoL, whereas symptoms of anxiety and depression showed 
weaker and less consistent relations. 

Following adjustment for fatigue and anxiety/depression, cognitive 
domains were not significantly related to global HRQoL at the 
preoperative or one-year assessments. However, in the long-term cohort, 
executive dysfunction remained significantly associated with global 
HRQoL. 
 
Further analyses restricted to patients with higher fatigue burden, based 
on a median split of the total fatigue score, showed a similar pattern of 
results. At the preoperative assessment, learning and memory remained 
significantly associated with global HRQoL, and language additionally 
emerged as a significant predictor in this subgroup. At one year and at 
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long-term follow-up, executive dysfunction was the only cognitive 
domain that remained independently associated with global HRQoL. 
Overall, stratification by fatigue did not substantially change the pattern 
of associations. 
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6 DISCUSSION 
 
As survival has improved in patients with LrGG, the focus on functional 
outcomes has increased. Traditional endpoints such as survival remain 
central, but they do not fully reflect how patients manage in everyday 
life. Patients are often diagnosed at a stage of life characterized by high 
demands from work and family life, and many patients are long-term 
survivors. This makes issues such as RTW, cognitive functioning, 
fatigue, and QoL highly relevant. These are also common concerns in 
clinical practice, for both patients and clinicians.  
 
This thesis contributes by examining different aspects of functioning, 
health, and QoL. In sum, although not without limitations, the 
approaches used here provide complementary insight into functional 
outcomes that are not captured by traditional endpoints. Given the 
limited number of patients at individual centers, further work in this area 
will likely require larger collaborative efforts, both nationally and 
internationally, to improve understanding of patient functioning in 
LrGG.  
 
6.1 CLINICAL CONTEXT 
 
Current management of LrGG typically involves a combination of 
surgery, radiotherapy, and chemotherapy. Treatment strategies are 
based on clinical guidelines but also involve individual decisions 
regarding timing and suitability of treatment for the patient. With more 
knowledge, it becomes possible to better tailor both treatment and 
patient support to the individual.  
 
Questions related to work are common in clinical consultations. As 
shown in this thesis, work participation is influenced by several factors. 
Knowledge of these may support more informed expectations regarding 
RTW and has already also been used as a basis for discussions with 
patients about likely outcomes in our clinical practice.  
 
Patients commonly develop epilepsy, and may experience anxiety and 
depression, which can require medical treatment. Medication use may 
reflect aspects of symptom burden, although it does not fully capture 
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patients’ experiences. Also, cognitive functioning is relevant for many 
aspects of everyday functioning. Even mild impairments may affect the 
ability to manage complex tasks, particularly in cognitively demanding 
situations. Overall, the management of LrGG includes not only tumor-
directed treatment, but also consideration of its effects on function and 
daily life where this thesis has contributed with new data.    
 
6.2 WORK PARTICIPATION (STUDY I)  
 
The findings in this study show that sick leave begins close to the time 
of imaging diagnosis. Prior to this period, patients and controls showed 
similar proportions of individuals working, indicating that symptoms 
were not yet sufficiently pronounced to lead to absence from work.  
 
After surgery, work participation increased gradually, but many patients 
had still not RTW at one and two years of follow-up. A large proportion 
of patients were unable to work during oncological treatment, which is 
expected, but many had also not RTW after this treatment had been 
completed, when RTW might otherwise be anticipated. In other patients, 
such as those with breast cancer, a similar pattern of absence during 
treatment is seen, but RTW is generally higher, with more than 80% of 
patients returning within the first 12–18 months according to a larger 
study.(240) For patients treated with stem cell transplantation for 
hematological malignancies, RTW has been shown to be more 
prolonged, with around 50–70% returning within the first year.(241) 
 
When compared with other conditions affecting the brain, RTW also 
appears to be delayed, similar to what is observed in our patients. In 
stroke, a study showed that 49% RTW at one year and 60% at two years, 
which is comparable to our findings of 52% at one year and 63% at two 
years.(242) In traumatic brain injury, RTW also appears to be delayed 
and varies over time depending on injury severity and follow-up 
period.(243) One possible explanation is that treatment-related effects 
may contribute to a longer recovery period, particularly as treatments 
affecting the brain can lead to cognitive difficulties, fatigue, and other 
neurological symptoms that influence the ability to meet the demands of 
work. Longer follow-up is necessary to understand how factors such as 
treatment influence RTW over time.  
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In our study, several factors were associated with a lower chance of 
RTW, including older age, poorer functional status, and previous sick 
leave. Similar factors have been reported in other conditions, where 
female sex, higher age, and lower physical function have been linked to 
reduced RTW.(241-243) Previous sick leave has also been identified as 
a relevant factor in patients with stroke, where prior absence was 
associated with lower RTW.(244) RTW is influenced by societal and 
structural factors, including the extent to which sick leave is socially 
accepted and economically supported. In welfare systems like the one 
in Sweden, with more generous compensation and stronger social 
acceptance of sickness absence, remaining on sick leave may be more 
feasible, which should be considered when interpreting RTW outcomes 
across different contexts.   
 

6.3 MEDICATION USE AS A PROXY FOR 
SYMPTOMS (STUDY II)  

 
In our registry-based study on patients with grade 2 glioma, use of 
medication was used as an indirect indicator of symptoms such as 
epilepsy, depression, and anxiety that required treatment. The observed 
changes in medication use around the time of diagnosis and treatment 
reflect how different symptoms present during the disease course.   
 
Use of AEDs, now often referred to as anti-seizure medications, and 
sedatives increased around the time of diagnosis, while antidepressant 
use remained similar to controls at index and increased later during 
follow-up. This pattern suggests that seizure-related symptoms and 
acute psychological distress are more prominent around diagnosis, 
whereas depressive symptoms may become more apparent later in the 
disease course.   
 
The sustained use of AED over time is expected, as seizure prevention 
is a central aspect of clinical management in patients with glioma. Even 
after tumor resection, there remains a risk of seizures, and treatment is 
therefore often continued. This approach may also be influenced by 
practical considerations, such as driving regulations requiring a 



Isabelle Rydén 
 

95 
 

prolonged period of seizure freedom, which may affect both clinical 
decisions and patient preferences.  
 
Medication does not necessarily reflect whether a patient has  
depression or not but indicates a need for treatment and thus indirectly 
suggests the presence of clinically relevant symptoms. It is also possible 
that medication-based measures underestimate the true prevalence of 
depressive symptoms, since not all receive treatment.  
 
Use of antidepressants was similar to controls at index date 
(approximately 6%). In Study III, we also saw that 15% of patients 
scored above cut-off for depression. This proportion are in line with 
those presented in a prospective study in an early disease phase 
including patients with both low- and high-grade gliomas, where 
approximately 13–14% were diagnosed with MDD based on structured 
clinical interviews.(99) However, in that study, only a minority of 
patients used antidepressants, indicating that not all patients with 
clinically relevant depression are treated pharmacologically. We also 
found that the increase in use of antidepressant increased months after 
surgery, suggesting a delay between symptom onset and initiation of 
treatment. In clinical practice, antidepressants are associated with 
improvements in both depressive and anxiety symptoms but are 
typically used long term and prescribed when symptoms are long-lived. 
We founds that sedative use increased around the index date to about 
25% followed by a rapid decline, consistent their short-term indication 
and number of patients with high anxiety scores close to the index date 
(27% in study III). About the time when sedative declined was also 
about the time when use of antidepressants increased.  
 
In our study, previous use of medication and related diagnoses were the 
strongest predictors of continued use across all drug categories. For 
AEDs, a history of seizures or epilepsy was the main predictor, although 
most patients were new users reflecting the onset of tumor-related 
epilepsy requiring treatment. For antidepressants and sedatives, prior 
psychiatric symptoms or medication use were most strongly associated 
with subsequent treatment. Women were more likely to use 
antidepressants than men, which was also observed for controls.(245) 
These findings suggest that medication use largely reflects ongoing or 
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pre-existing symptom burden rather than being driven solely by tumor-
related factors.  
 
6.4 COGNITIVE OUTCOMES (STUDIES III–IV) 
 
The study on changes in cognitive functioning during the first 
postoperative year provides insight into different factors affecting 
specific cognitive domains. Preoperative cognitive performance is 
typically related to postoperative functioning and may reflect 
differences in cognitive reserve, defined as the ability to maintain 
function despite disease- and treatment-related burden. This highlights 
the value of baseline assessment, both for describing initial status, and 
for understanding changes over time.   
 
During the first postoperative year, reliable declines were most 
prominent in executive functions, as well as memory and language 
domains. Given the results from Study IV, memory and language 
impairments appeared to be particularly relevant for Global HRQoL in 
earlier phases. These types of difficulties are more easily noticeable to 
both the patient and others. Executive functioning on the other hand did 
not seem to affect Global HRQoL in the early phase, but as demands 
become more prominent over time when patients attempt to resume 
more complex activities such as work, these functions seem more 
important. Executive functions are involved in planning, flexibility, 
multitasking, and the ability to manage complex everyday demands. 
These functions can possibly be central for being able to successfully 
work, live an independent life, and participate in social activities. They 
may also be less noticeable and therefore not always easy for employers 
or family members to understand and adjust to compared to more 
apparent ones such as memory or language difficulties. In line with this, 
our results from Study IV showed that executive function was both the 
most frequently affected domain and the one showing the strongest 
association with Global HRQoL, both at one year and in the long-term 
cohort.   
 
At the group level, only one test showed a significant change between 
pre- and postoperative assessments, indicating limited average 
differences over time. In contrast, when examining the proportion of 
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patients classified as impaired, a clearer increase in deficits was 
observed across multiple tests postoperatively. This suggests that group-
level comparisons, which reflect average change, may mask clinically 
relevant deterioration in subgroups of patients, as improvements in some 
individuals may offset decline in others.  
 
The use of RCI further enabled identification of within-individual 
changes while accounting for practice effects. This allowed detection of 
declines even within the normal range, including in tests with substantial 
practice effects, such as certain verbal measures, where improvement 
from repeated testing might otherwise conceal deterioration. Some 
patients may experience measurable decline while remaining within the 
normal range, whereas others with smaller numerical changes may 
experience significant functional limitations due to high cognitive 
demands in daily life.   
 
At the same time, these findings should be interpreted with caution. 
Although RCI captures statistically reliable change, it does not 
necessarily imply clinical significance, and the functional impact 
depends on individual circumstances such as occupational demands and 
available compensatory strategies. Moreover, practice effects may differ 
between groups; while healthy individuals typically show learning 
effects over repeated testing, patients may exhibit attenuated gains due 
to underlying impairments, which could in turn influence the magnitude 
and interpretation of observed change.  
 
6.5 ONCO-FUNCTIONAL BALANCE  
 
Treatment of LrGG involves balancing oncological control against 
preservation of neurological and cognitive function. Multimodal 
treatment may improve tumor control and prolong survival but may also 
be associated with measurable cognitive changes and functional 
consequences.  
 
In Study III, chemoradiotherapy was associated with an increased risk 
of cognitive decline in selected domains. Older age also emerged as a 
predictor. Although causality cannot be established, these findings are 
in line with concerns about adverse treatment-related effects on 
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cognition. At the same time, these associations should be interpreted 
with caution, as patients with more aggressive tumors also receive more 
aggressive treatment approach, reflecting confounding by indication. 
 
The variability in cognitive outcomes is complicated. Patients with 
seemingly similar characteristics and treatments may experience 
different trajectories, suggesting that individual factors influence how 
treatment and disease burden translate into functional outcome. 
Cognitive outcome may be understood as a balance between cumulative 
burden and individual capacity. When this capacity is maintained, 
function may be preserved; when exceeded, cognitive decline may 
occur. This may help explain why outcomes are difficult to predict based 
on clinical factors alone.  
 
Potentially, decisions regarding timing of treatment may also be guided 
by individual factors, including cognitive decline after surgery. In 
patients with relatively good prognosis, delaying further treatment may 
preserve function but could mean a risk of tumor progression, whereas 
earlier or more intensive treatment may improve disease control at the 
potential expense of irreversible cognitive symptoms. The optimal 
balance likely varies between patients and depends on tumor biology 
and individual vulnerability.  
 
Fatigue also appears to be a major and clinically relevant problem in this 
patient group, and its development may be difficult to predict. Even 
when objective cognitive decline is modest, fatigue may substantially 
affect everyday functioning and perceived QoL. Given its strong 
association with global HRQoL, fatigue represents an additional factor 
to consider in the balance between treatment and functional outcome, as 
it may significantly influence patients’ ability to manage daily activities. 



Isabelle Rydén 
 

99 
 

7 FUTURE PERSPECTIVES 
This thesis provides insight into the functional consequences of current 
multimodal standard treatment for LrGG. As survival improves and 
treatment strategies evolve, it is increasingly important to understand 
not only how long patients live, but also how they live with the disease. 
The findings of this thesis show that treatment can affect work 
participation, medication related to mental health and epilepsy, 
cognitive functioning, and QoL. These findings support the continued 
inclusion of functional outcomes alongside traditional outcomes such as 
PFS and OS.  
 
With the introduction of new treatments, such as IDH inhibitors and 
other targeted therapies, the functional consequences of treatment will 
need careful evaluation. As these treatments are introduced into clinical 
practice, they may also alter the functional risk profile of LrGG, for 
example by delaying or modifying exposure to radiotherapy or by 
introducing new patterns of treatment-related effects. Future studies 
should examine patient functioning and well-being over time, and how 
these outcomes relate to different treatment strategies, both during and 
after treatment. Our results on cognitive functioning prior to the 
introduction of IDH inhibitors may provide a basis for comparison when 
evaluating the impact of newer treatments on cognition.  
 
The results of this thesis underline the need for continued longitudinal 
research in LrGG. We observed that following changes over time from 
each patient’s baseline may provide different insights compared with 
cross-sectional assessments that only examine the proportion of patients 
with abnormal test results at a single time point. As patients with LrGG 
live longer, long-term follow-up has become increasingly important. 
Research has advanced our understanding of the consequences of 
treatment in both the short and long term, but the subject remains 
complex and long-term outcomes remain insufficiently understood. A 
recommended approach would be to follow patients over longer periods 
of time to better distinguish temporary treatment effects from more 
persistent changes in cognition and HRQoL. Our aim is therefore to 
continue following patients and controls in our longitudinal cohort in 
order to better understand long-term trajectories and the relationship 
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between treatment, symptoms, and functional outcomes. Improved tools 
for predicting both oncological and functional outcomes may help 
identify patients at higher risk of cognitive decline, reduced work 
participation, or reduced QoL, allowing earlier and more individualized 
support.   
 
Following patients over time is important, but the ultimate goal is to 
improve patients’ everyday lives and well-being. An important area for 
future research, and perhaps even more for clinical implementation, is 
improved rehabilitation. This includes both increasing access to 
rehabilitation and ensuring that patients receive the most appropriate 
type of support.  
 
Many patients experience fatigue, cognitive difficulties, or problems 
with RTW after treatment. Rehabilitation strategies should therefore be 
individualized and focused on the most common challenges experienced 
by patients and should be available throughout the disease trajectory. 
Future intervention studies could focus on cognitive rehabilitation, 
fatigue management, psychological support, and work-directed 
interventions to determine which approaches are most effective and for 
which patients. Early identification of vulnerable patients may allow 
preventive support rather than reactive management.   
 
Since LrGGs are rare tumors, the number of patients at each center is 
limited. Increased collaboration between centers, both within Sweden 
and internationally, will therefore be important to increase sample sizes 
and improve the comparability and generalizability of studies in this 
field. Further standardization of cognitive tests and outcome definitions 
may facilitate comparisons across studies, while still allowing flexibility 
to account for tumor location and individual variability in recovery. 
Integration of molecular data with functional outcomes may also help 
identify patient groups at higher risk of cognitive decline or reduced 
work participation. 
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9 USE OF GENERATIVE AI 
ChatGPT (version 5.2, OpenAI) was used to assist with language editing 
in this thesis. All generated text was reviewed and modified where 
required to ensure accuracy and consistency
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