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Introduction 

Having a malignant brain tumor is a serious condition, with a significant impact on the 
patient’s health-related quality of life (HRQoL) and life expectancy. This thesis focuses 
on patients with glioma, the most common form of primary malignant brain tumors. 
In short, this thesis addresses the symptoms glioma patients experience before the 
diagnosis and during the disease course. In addition, aspects related to the 
measurement of HRQoL are described, including the impact of the timing of the 
assessments on the actual obtained HRQoL scores and the preferences of patients, 
their partners and healthcare professionals with respect to the assessment of HRQoL 
in daily clinical practice. Moreover, with respect to glioma patients in the End of Life 
(EOL) phase, an Advance Care Planning intervention is evaluated. 

Epidemiology, pathophysiology and management of brain tumors 
Brain tumors can be classified into primary brain tumors, of which gliomas - originating 
from the glial cells of the brain - are the major subtype, and secondary brain tumors 
or brain metastases, originating from a malignancy outside the central nervous system 
that has metastasized to the brain. This thesis focuses on gliomas.

Gliomas

Although gliomas account for less than 2% of all cancers, they contribute significantly 
to overall cancer morbidity and mortality. Gliomas are the most common malignant 
primary tumors of the brain, with a yearly incidence in Europe of 5.6 and 7.8 per 
100.000 women and men, respectively1. The median age at diagnosis ranges from 41 
years in low-grade glioma2 to 64 years in glioblastoma patients3. 

Gliomas originate from the supporting glial cells in the central nervous system (CNS) 
and were traditionally classified into four grades, according to their histology, with the 
highest grade usually having the worst prognosis4. This World Health Organization 
(WHO) 2007 histological grading system was based on findings of proliferative activity, 
nuclear atypia, vascular proliferation and necrosis5.

According to the WHO 2016 classification, gliomas are graded by both their 
phenotype and genotype6. Roughly, gliomas are divided into low- and high-grade 
gliomas, based on the presence of both histological and molecular-genetic 
characteristics. Survival in patients with WHO grade II tumors is usually more than 5 
years and in patients with grade III tumors 2–3 years4. In WHO grade IV tumors, the 
majority of which are glioblastomas, the survival ranges from 9-31 months, largely 
depending on the isocitrate dehydrogenase (IDH) mutational status6. The presence of 
an IDH mutation is a major favorable prognostic factor for survival, with the prognosis 
of IDH1-mutant astrocytomas being better than that of IDH1-wildtype glioblastoma7. 
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Furthermore, O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation 
is predictive for response to alkylating agents, such as temozolomide8, 9. Moreover, 
1p/19q codeletion is the molecular genetic signature of oligodendrogliomas and is a 
prognostic marker for better survival and a predictive biomarker for a good response 
to chemotherapy10, 11. Other favorable prognostic factors in glioma patients are lower 
age, better functional status, smaller tumor size and larger extent of resection12. 

Treatment in glioma

Treatment in primary brain tumors comprises both antitumor treatment and supportive 
treatment, for which a multidisciplinary approach is crucial13. In all glioma subtypes, 
surgery, or at least a biopsy of the tumor is the first step to obtain a histopathological 
diagnosis and subsequently, which treatment will suit best. The major goal of surgery 
is to do a maximally safe resection, since this could reduce the symptom burden of 
patients and prevent permanent neurological deficits, while it also results in a better 
prognosis14, 15. In most cases, surgery is followed by adjuvant radiotherapy and/or 
chemotherapy. In glioblastoma patients, 6 weeks combined radio-chemotherapy, 
usually 60 Gy in 2 Gy daily fractions, with concomitant and adjuvant temozolomide 
chemotherapy is given. In patients with a poor prognosis and/or in elderly patients, 
hypofractionated radiotherapy (higher dose per fraction and a lower total dose over 
a 3-week treatment period) should be considered16. For lower-grade gliomas, the 
regular photon beam radiotherapy is gradually being replaced by proton beam 
radiotherapy, as it is suggested that this type of treatment has a less negative impact 
on surrounding healthy brain tissue and may therefore prevent or reduce 
neurocognitive deficits, which are common after brain irradiation17. Chemotherapy for 
glioma patients, either given in combination with radiotherapy, or alone, usually 
consists of temozolomide, the combination of procarbazine, lomustine, and vincristine 
(PCV) chemotherapy or lomustine alone, and can be administered both in newly 
diagnosed gliomas and in case of tumor recurrence. Moreover, new treatment 
opportunities are currently being explored and include targeted treatment and 
immunotherapy. In patients with glioma, monoclonal antibodies such as depatuxizumab 
mafodotin (ABT-414) and bevacizumab have been investigated, but have not shown 
benefits in terms of overall survival18.

Common symptoms such as seizures, headache, focal neurological and cognitive 
dysfunction and mood disturbance, caused by the tumor and/or surrounding tumor-
associated edema, can be reduced with supportive treatment, next to antitumor 
treatment19, 20. The most common medications are dexamethasone to relieve headache 
or focal neurological deficits due to cerebral edema, antiepileptic drugs to reduce the 
risk of seizures in glioma patients with epilepsy, and antidepressants for mood 
disturbances.



Chapter 1  |  General introduction and outline

- 14 -

A comprehensive framework for the health status of patients with brain 
tumors
Patients with glioma not only have an incurable form of cancer, but also a progressive 
brain disease. They often experience severe symptoms, such as epilepsy and cognitive 
impairment, not only caused by the disease, but also by the treatment they receive. 
Since glioma patients typically have a poor prognosis, it is crucial that their level of 
functioning and well-being is maintained during that period, as they should be able to 
spend the limited time they have in good quality. Therefore, the patients’ health status 
is becoming more and more important as a treatment goal. According to the World 
Health Organization (WHO) International Classification of Functioning, Disability and 
Health (ICF), a patient’s health status can be described according to three health 
domains, which are intrinsic to a person’s psychological and physiological entity, and 
two health-related domains, which are closely related to a person’s health, but not part 
of it, i.e. contextual factors (See Figure 1)21. The domains are described from the 
perspective of the body, the individual and society. The three health domains comprise 
the components Body functions & Structures, Activities, and Participation. Impairments 
are problems in body functions or structures in terms of a significant deviation or loss. 
An example of a common impairment in glioma patients is the occurrence of seizures. 
Activity limitations are problems patients experience in performing tasks or actions, 
for example not being able to drive a car due to seizures. Participation restrictions are 
problems experienced by the patient with the involvement in life situations, such as 
not being able to work because of problems with memory or the planning of complex 
tasks. The ICF also describes Contextual factors, i.e. Environmental and Personal 
factors, that may have an impact on a patient’s functioning. These include aspects such 
as the social and physical environment a patient lives in, or age, gender, educational 
level, coping styles or cultural beliefs of an individual.

Clinical outcomes and clinical outcome assessments in glioma patients 
The most fundamental determinants of health status are on the level of body functions 
& body structures and include biological and (patho)physiological factors, for example 
genetic and molecular factors. The assessment of these factors focuses on the function 
of cells, organs and organ systems. When the focus shifts from specific cells and organs 
to the organism as a whole, the measurement will become more patient-centered. 
Indeed, symptoms, functional status, psychosocial, role and other domains of 
functioning, general health perceptions and overall quality of life are clinical outcomes 
that place patients in the center of health assessment22. 

Measurement of patient-centered outcomes
To assess clinical outcomes, the Food and Drug Administration (FDA) has approved 
several assessments for use in clinical trials, which are denominated as Clinical 
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Outcome Assessments (COAs). These include all assessments that could be influenced 
by the patient’s motivation, choice or judgement and should directly or indirectly 
measure the benefits of a treatment. COA’s comprise observer-reported outcome 
(ObsRO) measures, clinician-reported outcome (ClinRO) measures, performance 
outcome (PerfO) measures and patient-reported outcome (PRO) measures. In clinical 
studies, it is important to select a suitable COA that measures the subject of interest, 
by determining the context of use (COU). The COU of a specific COA is a statement that 
describes the appropriate use of the COA and how qualified the COA is. 

In this thesis, the focus will be on patient-reported outcomes (PROs), in particular 
symptoms and other aspects of HRQoL, and the tools to measure these outcomes 
(PROMs). Typically, PROs provide information as perceived and reported by the patient, 
and the tools may range from a symptom list only to a questionnaire measuring the 
multidimensional concept HRQoL. The PROMs could be used in clinical trials to 
determine the impact of treatment on the patient’s functioning and wellbeing, or in 
clinical care, to start a conversation between a healthcare professional and the patient 
on the impact of the disease and the treatment, and to focus the conversation on those 
topics that are important to patients. Also monitoring of symptoms and functioning 
by routine administration of PROMs is valuable in clinical care, as previous studies in 
advanced cancer patients have shown that this may result in prolonged survival and 
improved aspects of HRQoL, by more accurate or timely treatment23, 24.

There are several instruments available to measure symptoms and other aspects 
of HRQoL in glioma patients. HRQoL instruments can be either generic, applicable to 
all persons including healthy subjects, or disease-specific. There are several cancer-
specific or brain tumor-specific HRQoL instruments. For example, the European 
Organisation for Research and Treatment of Cancer (EORTC) has developed a core 
HRQoL instrument which is deemed relevant for all cancer patients, the EORTC 

Figure 1. Representation of the model of disability according to the World Health Organization
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QLQ-C3025, as well as modules for specific tumor types. For brain tumor patients, the 
EORTC QLQ-Brain Neoplasm (BN-20) questionnaire is available to supplement the core 
QLQ-C3026. Other brain-tumor specific HRQoL instruments that are frequently used in 
clinical practice or trials with glioma patients include the Functional Assessment of 
Cancer Therapy-General (FACT-BR)27 or the MD Anderson Symptom Inventory (MDASI) 
questionnaire28. 

Symptoms in glioma patients
One of the main topics in this thesis are the symptoms glioma patients experience. As 
mentioned, in glioma patients symptoms can either be caused by the tumor itself or 
by the antitumor treatment. The tumor may cause symptoms because it invades and 
destructs the brain tissue directly, or because it displaces/compresses healthy brain 
tissue. Additionally, brain tumors may disrupt the blood-brain barrier, resulting in 
vasogenic edema, causing an increased mass effect and further compression of the 
surrounding tissue. Tumor growth may affect the occurrence and severity of symptoms 
as well. Low-grade gliomas tend to grow slower than high-grade gliomas, but are more 
epileptogenic. On the other hand, patients with rapidly growing high-grade gliomas 
often present with progressive symptoms such as headache, caused by elevated 
intracranial pressure, and neurological deficits29, 30. Furthermore, tumor location partly 
determines symptomatology, for example a tumor in the frontal lobe is typically 
associated with changes in personality and behavior31, whereas a location in the 
temporal lobe is more likely associated with seizures, visual deficits and dysphasia. 
Other, more general mental changes, such as increased irritability, apathy, or a memory 
disorder, are usually not related to a certain tumor location, but may indicate infiltration 
of the tumor in deep structures affecting the corpus callosum, reticular formation and 
thalamocortical fibers. These latter symptoms are relatively common with an 
occurrence in 16-34% of glioma patients32. Finally, symptoms directly caused by 
antitumor treatment are for example nausea, vomiting and myelotoxicity as a side 
effect from chemotherapy, and fatigue and hair loss as a side effect of radiotherapy. 

Symptoms during the disease course

Although some symptoms may be present during the entire disease course, some are 
related to a specific disease stage. The initial presentation of a glioma can be acute or 
subacute, for example with focal neurological deficits comprising motor paresis, 
sensory disorder, visual disturbances, and/or speech disturbance or seizures. Some 
symptoms may occur more gradually, for instance behavioral disorders or cognitive 
problems, which are typically progressive over time33. Therefore, the time between the 
onset of symptoms and diagnosis varies widely between patients, ranging from minutes 
to even a few years34. A relatively long time period between the onset of symptoms 
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and the diagnosis can be attributed to several factors. First, many patients report non-
specific symptoms, i.e. not indicating a specific disease or involving a specific body 
system, such as fatigue34. It could be difficult for patients, relatives and healthcare 
professionals to attribute such common symptoms to the diagnosis of a brain tumor, 
as other causes not related to a brain tumor are a priori much more probable. Patient-
related factors may also contribute to a delayed diagnosis, for example a change in 
personality, avoidance or adaptation34. 

Early recognition of symptoms may lead to a prompt diagnosis, possibly resulting 
in less morbidity. Although there is literature on prediagnostic symptoms, i.e. the 
symptoms that patients experience in the period before the diagnosis of glioma, most 
of these studies are retrospective studies of medical records, performed in hospitals, 
and typically focused on symptoms at the time of diagnosis30, 35-47. Furthermore, some 
studies presented data on prediagnostic symptoms for a mixed population of primary 
brain tumors, hampering interpretation of prediagnostic symptoms in the glioma 
population specifically48-50. Moreover, most studies addressed categories of symptoms 
only (e.g. isolated cranial nerve symptom30, motor symptomatology or mental change36), 
and not the specific symptoms included in the various categories. Thus, little is known 
on the full range of health problems patients experienced in the period before 
diagnosis. A further limitation is that these studies did not include an assessment of 
the health care usage before the tumor diagnosis, which could provide more insight 
in the pathway to diagnosing glioma patients. 

Symptoms that are present during the course of the disease, particularly during 
treatment and follow-up phases, are either caused by the treatment, or due the residual 
tumor, or due to progressive tumor growth, with the most prevalent symptoms being 
seizures, nausea and vomiting, cognitive deficits, fatigue, visual deficits and anorexia51. 
In the end-of-life (EOL) phase, when antitumor treatment is no longer meaningful, the 
most frequently reported symptoms are decreased consciousness, dysphagia or a 
combination of both. Other possible symptoms in this stage are seizures, headache 
and agitation. It is important to mention that relief of these symptoms is increasingly 
challenging at this stage, because of the impaired consciousness of patients as well as 
swallowing difficulties, hampering the administration of medication52. 

HRQoL instruments in clinical trials: optimal timing
As previously addressed, there are various PROMs available to evaluate HRQoL in 
glioma patients. Apart from their methodological properties, it is also relevant to pay 
attention to the way they are administered. An important aspect when measuring 
HRQoL of glioma patients concerns the timing. This aspect is relevant, particularly in 
clinical trials, as results should reflect the impact of the treatments under investigation 
and should not be an effect of timing53. For example, if HRQoL is measured during the 
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immediate toxicity of the treatment, or later during the disease when the toxicity effect 
has faded, erroneous conclusions on the impact of treatment would be drawn. It is 
currently unknown what the optimal timing of HRQoL assessments is in glioma trials, 
and whether assessments at different time points, although within a prespecified time 
window, would result in different outcomes. There are recommendations about the 
appropriate timing of the administration of PROMs, for example by specifying a 
standardized moment of questionnaire delivery (e.g., before/whilst/after seeing a 
clinician). In addition, a time window needs to be specified that allows questionnaires 
to be included in the analysis, since a deviation from scheduled assessments is likely 
in practice. In clinical studies with glioma patients, these time windows range from 1 
week to 6 months54, 55. These large time windows may be problematic, as a study by 
Ediebah et al. found that conclusions about treatment effects were altered by the width 
of a time window; a wider completion time window for HRQoL assessments during 
treatment produced statistically and clinically significant differences compared to a 
narrow time window55. 

Glioma patients are usually asked to fill in questionnaires during follow-up right 
before their scheduled appointment with the physician to discuss the results of the 
Magnetic Resonance Imaging (MRI) scan and further treatment. However, HRQoL scores 
might possibly be negatively influenced by anxiety or feelings of fear for possible 
progressive disease. Correspondingly, feelings of relief or depression might influence 
HRQoL scores if questionnaires are administered after the consultation. Alternatively, 
the administration could be planned on the day of the MRI, which is typically a few 
days to a week before the consultation with the physician. It is currently unknown if 
HRQoL scores change to a clinically relevant extent between the moment of the MRI 
scan and the day of the consultation with the physician, and whether feelings of anxiety 
or depression influence these HRQoL scores.

PROMs in clinical practice: Routine monitoring
Routine use of PROMs in clinical practice in oncology has shown to result in better 
communication between the patients and their physicians57-59, and an increased 
frequency of discussions of HRQoL issue58 and other topics that are important to 
patients60. In advanced stage cancer patients, routine monitoring even resulted in 
prolonged overall survival, because routine PROMs assessment might help in early 
detection of adverse effects of treatment or tumor progression, for which treatment 
or referral to another healthcare professional could be initiated if necessary24. Although 
the implementation of routine assessment of PROMs can possibly improve the quality 
of care as well as patient outcomes, this is not common practice in glioma care in The 
Netherlands. One of the goals of the Dutch Neuro-oncology Society (Landelijke 
Werkgroep Neuro-Oncologie, LWNO)  is to implement routine assessments of PROMs 
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in neuro-oncological care, with the goal to improve psychosocial care. As a first step 
towards a better uptake by both healthcare professionals and patients, insight in the 
preferred topics, frequency and method of assessments is needed, as well as the 
willingness of patients, their relatives and healthcare professionals to discuss the 
results. In addition, practical barriers for implementation must be identified, which 
may facilitate implementation of routine PROMs assessment in the future.

Advance care planning
Previous research has found that aspects of HRQoL that are most relevant for patients 
with glioma may change over time. Important phases in this respect are the final stages. 
Like in any phase of the disease, the care provided may have a significant impact on 
the HRQoL as perceived by patient. Especially in the last phases of illness, when the 
options for life prolongation are limited and quality of life becomes more important61,62, 
patients may wish to have a shared or active role in treatment decisions. Patients with 
glioma not only have cancer, but also a progressive brain disease, which may, in later 
stages, seriously interfere with their ability to make their own decisions regarding 
treatment. The incurable nature of the disease, in conjunction with the cognitive decline 
glioblastoma patients experience over time, warrants early discussion of the patients’ 
wishes in the EOL phase in this patient population. 

A frequently used process to document patient’s wishes regarding treatment and 
EOL care is advance care planning (ACP), with preferences being documented in 
Advance Directives (ADs)63, 64. Although patients and their proxies should be involved 
in decision making sufficiently early, this is not always the case in clinical practice, 
because both physicians and patients have the tendency to avoid this subject. However, 
with a timely initiation of ACP, both patients and proxies are empowered to make more 
well-informed decisions according to their own values during the course of disease, 
especially in the EOL phase. Furthermore, several studies have shown that patients 
who participated in ACP discussions appreciated having such discussions and wondered 
why no one had raised these issues earlier65, 66. Other research, however, showed that 
more than 40% of patients did not want to participate in a focus group on advance 
care planning with one of the main reasons being that they did not want to discuss 
EOL issues67.

In patients with other types of cancer in the EOL phase, there is evidence that early 
palliative care improves HRQoL and mood of both patients and proxies68, 69. This effect 
could also be achieved by an ACP program. An analysis of several systematic reviews 
showed that a structured, patient-centered program of APC, with multiple sessions 
and direct interaction between patients and healthcare professionals could improve 
the completion rate of ADs70. A randomized clinical trial (RCT) showed that facilitated 
ACP improves quality of EOL care in elderly patients, improves patient and family 
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satisfaction, and reduces stress, anxiety, and depression in surviving relatives65. Another 
RCT in patients with congestive heart failure or end-stage renal disease showed that 
with facilitated ACP most patients received the care they desired66. A recent study by 
Fritz et al 71. developed an ACP program tailored to the needs of glioblastoma patients 
specifically. By means of a literature search, a focus group with healthcare professionals, 
as well as semi-structured interviews with patients and their proxies, and with proxies 
of deceased patients, relevant topics were identified. The results were synthesized, 
resulting in an ACP program tailored to the needs of glioblastoma patients. As a sequal 
to this study, one study in this thesis aims to assess whether the implementation of 
an ACP program would be feasible in daily clinical practice for glioblastoma patients, 
and will also evaluate if the ACP program is feasible.
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Aim and outline of this thesis

The general aims of this thesis are to improve knowledge on the prediagnostic 
symptoms of glioma patients and to optimize the measurement of HRQoL of primary 
brain tumor patients in clinical care and research. Furthermore, in this thesis an ACP 
program tailored to the needs of glioblastoma patients is evaluated.

Part 1 of this thesis focuses on prediagnostic symptoms experienced by glioma patients 
and related health care usage, in order to determine if there is a specific pattern that 
is characteristic for glioma patients. Chapter 2 concerns a retrospective case-control 
study evaluating prediagnostic symptoms and is based on data extracted from medical 
records at both the general practitioner and the hospital. Chapter 3 describes a 
prospective study in which patients completed a questionnaire together with a proxy 
about their symptoms in the year before diagnosis. 

Part 2 of this thesis addresses aspects of the measurement of PROs, such as HRQoL, 
in glioma patients. The knowledge obtained in these studies can be used to improve 
the assessment of PROs in glioma patients in both clinical trials and practice. The 
optimal timing of the administration of two HRQoL instruments, the EORTC-QLQ C30 
and QLQ-BN20, and its association with feelings of anxiety and depression is examined 
in Chapter 4. In addition, an inventory of the perspectives of glioma patients, their 
proxies and healthcare professionals regarding the practicalities of measuring PROs 
in clinical care in Dutch hospitals is made in Chapter 5.

Part 3 (Chapter 6) is dedicated to a study evaluating the feasibility of implementing 
an Advance Care Planning program especially tailored for glioblastoma patients in daily 
clinical practice, and its impact on several patient-centered outcomes. 

Chapter 7 provides a summary of the research described in this thesis. It also includes 
a general discussion on its contribution to the current literature and implications for 
future research.



Chapter 1  |  General introduction and outline

- 22 -

References 

1. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, Comber H, et al. Cancer incidence 
and mortality patterns in Europe: estimates for 40 countries in 2012. European journal of cancer (Oxford, 
England : 1990). 2013;49(6):1374-403.

2. Claus EB, Walsh KM, Wiencke JK, Molinaro AM, Wiemels JL, Schildkraut JM, et al. Survival and low-grade 
glioma: the emergence of genetic information. Neurosurgical focus. 2015;38(1):E6.

3. Tamimi AF JM. Chapter 8. Epidemiology and Outcome of Glioblastoma. . In: De Vleeschouwer S, editor 
Glioblastoma [Internet] Brisbane (AU): Codon Publications; Available from: https://wwwncbinlmnihgov/
books/NBK470003/ 2017 Sep 27. .

4. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, et al. The 2007 WHO classification of 
tumours of the central nervous system. Acta neuropathologica. 2007;114(2):97-109.

5. Vigneswaran K, Neill S, Hadjipanayis CG. Beyond the World Health Organization grading of infiltrating 
gliomas: advances in the molecular genetics of glioma classification. Ann Transl Med. 2015;3(7):95.

6. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D, Cavenee WK, et al. The 2016 
World Health Organization Classification of Tumors of the Central Nervous System: a summary. Acta 
neuropathologica. 2016;131(6):803-20.

7. Ohgaki H, Kleihues P. The definition of primary and secondary glioblastoma. Clin Cancer Res. 
2013;19(4):764-72.

8. Zhao H, Wang S, Song C, Zha Y, Li L. The prognostic value of MGMT promoter status by pyrosequencing 
assay for glioblastoma patients’ survival: a meta-analysis. World J Surg Oncol. 2016;14(1):261.

9. Dunn J, Baborie A, Alam F, Joyce K, Moxham M, Sibson R, et al. Extent of MGMT promoter methylation 
correlates with outcome in glioblastomas given temozolomide and radiotherapy. British journal of cancer. 
2009;101(1):124-31.

10. Hu N, Richards R, Jensen RJIN. Role of chromosomal 1p/19q co-deletion on the prognosis of oligodendro-
gliomas: A systematic review and meta-analysis. 2016;5:58-63.

11. van den Bent MJ, Brandes AA, Taphoorn MJ, Kros JM, Kouwenhoven MC, Delattre JY, et al. Adjuvant procar-
bazine, lomustine, and vincristine chemotherapy in newly diagnosed anaplastic oligodendroglioma: long-
term follow-up of EORTC brain tumor group study 26951. Journal of clinical oncology : official journal of 
the American Society of Clinical Oncology. 2013;31(3):344-50.

12. Brown TJ, Brennan MC, Li M, Church EW, Brandmeir NJ, Rakszawski KL, et al. Association of the Extent 
of Resection With Survival in Glioblastoma: A Systematic Review and Meta-analysis. JAMA oncology. 
2016;2(11):1460-9.

13. Weller M, van den Bent M, Preusser M, Le Rhun E, Tonn JC, Minniti G, et al. EANO guidelines on the 
diagnosis and treatment of diffuse gliomas of adulthood. Nat Rev Clin Oncol. 2021;18(3):170-86.

14. Grabowski MM, Recinos PF, Nowacki AS, Schroeder JL, Angelov L, Barnett GH, et al. Residual tumor volume 
versus extent of resection: predictors of survival after surgery for glioblastoma. Journal of neurosurgery. 
2014;121(5):1115-23.

15. Molinaro AM, Hervey-Jumper S, Morshed RA, Young J, Han SJ, Chunduru P, et al. Association of Maxi-
mal Extent of Resection of Contrast-Enhanced and Non-Contrast-Enhanced Tumor With Survival Within 
Molecular Subgroups of Patients With Newly Diagnosed Glioblastoma. JAMA oncology. 2020;6(4):495-503.

16. Roa W, Brasher PM, Bauman G, Anthes M, Bruera E, Chan A, et al. Abbreviated course of radiation therapy 
in older patients with glioblastoma multiforme: a prospective randomized clinical trial. Journal of clinical 
oncology : official journal of the American Society of Clinical Oncology. 2004;22(9):1583-8.



General introduction and outline

- 23 -

1
17. Thurin E, Nyström PW, Smits A, Werlenius K, Bäck A, Liljegren A, et al. Proton therapy for low-grade glio-

mas in adults: A systematic review. Clin Neurol Neurosurg. 2018;174:233-8.

18. Reardon DA, Lassman AB, van den Bent M, Kumthekar P, Merrell R, Scott AM, et al. Efficacy and safety 
results of ABT-414 in combination with radiation and temozolomide in newly diagnosed glioblastoma. 
Neuro-oncology. 2017;19(7):965-75.

19. Koekkoek JA, Kerkhof M, Dirven L, Heimans JJ, Reijneveld JC, Taphoorn MJ. Seizure outcome after 
radiotherapy and chemotherapy in low-grade glioma patients: a systematic review. Neuro-oncology. 
2015;17(7):924-34.

20. Koekkoek JA, Dirven L, Heimans JJ, Postma TJ, Vos MJ, Reijneveld JC, et al. Seizure reduction in a low-grade 
glioma: more than a beneficial side effect of temozolomide. J Neurol Neurosurg Psychiatry. 2015;86(4):366-
73.

21. World Health Organization. How to use the ICF: A practical manual for using the International Classifica-
tion of Functioning, Disability and Health (ICF). Exposure draft for comment. October 2013. Geneva: WHO.

22. Wilson IB, Cleary PD. Linking Clinical Variables With Health-Related Quality of Life: A Conceptual Model of 
Patient Outcomes. Jama. 1995;273(1):59-65.

23. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall Survival Results of a Trial Assess-
ing Patient-Reported Outcomes for Symptom Monitoring During Routine Cancer Treatment. Jama. 
2017;318(2):197-8.

24. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P, et al. Symptom Monitoring With Patient-
Reported Outcomes During Routine Cancer Treatment: A Randomized Controlled Trial. Journal of clinical 
oncology : official journal of the American Society of Clinical Oncology. 2016;34(6):557-65.

25. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization for 
Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clinical 
trials in oncology. Journal of the National Cancer Institute. 1993;85(5):365-76.

26. Osoba D, Aaronson NK, Muller M, Sneeuw K, Hsu MA, Yung WK, et al. The development and psychometric 
validation of a brain cancer quality-of-life questionnaire for use in combination with general cancer-specif-
ic questionnaires. Quality of life research : an international journal of quality of life aspects of treatment, 
care and rehabilitation. 1996;5(1):139-50.

27. Weitzner MA, Meyers CA, Gelke CK, Byrne KS, Cella DF, Levin VA. The Functional Assessment of Cancer 
Therapy (FACT) scale. Development of a brain subscale and revalidation of the general version (FACT-G) in 
patients with primary brain tumors. Cancer. 1995;75(5):1151-61.

28. Armstrong TS, Mendoza T, Gning I, Coco C, Cohen MZ, Eriksen L, et al. Validation of the M.D. Anderson 
Symptom Inventory Brain Tumor Module (MDASI-BT). Journal of neuro-oncology. 2006;80(1):27-35.

29. Vázquez-Barquero A, Ibáñez FJ, Herrera S, Izquierdo JM, Berciano J, Pascual J. Isolated headache as the 
presenting clinical manifestation of intracranial tumors: a prospective study. Cephalalgia : an interna-
tional journal of headache. 1994;14(4):270-2.

30. Posti JP, Bori M, Kauko T, Sankinen M, Nordberg J, Rahi M, et al. Presenting symptoms of glioma in adults. 
Acta neurologica Scandinavica. 2015;131(2):88-93.

31. Smits M. Imaging of oligodendroglioma. Br J Radiol. 2016;89(1060):20150857.

32. Weitzner MA. Psychosocial and neuropsychiatric aspects of patients with primary brain tumors. Cancer 
investigation. 1999;17(4):285-91; discussion 96-7.

33. Snyder H, Robinson K, Shah D, Brennan R, Handrigan M. Signs and symptoms of patients with brain 
tumors presenting to the emergency department. JEmergMed. 1993;11(3):253-8.

34. Salander P, Bergenheim AT, Hamberg K, Henriksson R. Pathways from symptoms to medical care: a 
descriptive study of symptom development and obstacles to early diagnosis in brain tumour patients. 
Family practice. 1999;16(2):143-8.



Chapter 1  |  General introduction and outline

- 24 -

35. Rasmussen BK, Hansen S, Laursen RJ, Kosteljanetz M, Schultz H, Norgard BM, et al. Epidemiology of 
glioma: clinical characteristics, symptoms, and predictors of glioma patients grade I-IV in the the Danish 
Neuro-Oncology Registry. Journal of neuro-oncology. 2017;135(3):571-9.

36. Frankel SA, German WJ. Glioblastoma multiforme; review of 219 cases with regard to natural history, 
pathology, diagnostic methods, and treatment. J Neurosurg. 1958;15(5):489-503.

37. Scott GM, Gibberd FB. Epilepsy and other factors in the prognosis of gliomas. Acta neurologica Scandi-
navica. 1980;61(4):227-39.

38. Moots PL, Maciunas RJ, Eisert DR, Parker RA, Laporte K, Abou-Khalil B. The course of seizure disorders in 
patients with malignant gliomas. Archives of neurology. 1995;52(7):717-24.

39. Lowry JK, Snyder JJ, Lowry PW. Brain tumors in the elderly: recent trends in a Minnesota cohort study. 
Archives of neurology. 1998;55(7):922-8.

40. Liigant A, Haldre S, Oun A, Linnamagi U, Saar A, Asser T, et al. Seizure disorders in patients with brain 
tumors. European neurology. 2001;45(1):46-51.

41. Bussiere M, Hopman W, Day A, Pombo AP, Neves T, Espinosa F. Indicators of functional status for primary 
malignant brain tumour patients. The Canadian journal of neurological sciences Le journal canadien des 
sciences neurologiques. 2005;32(1):50-6.

42. Chang EF, Potts MB, Keles GE, Lamborn KR, Chang SM, Barbaro NM, et al. Seizure characteristics and control 
following resection in 332 patients with low-grade gliomas. Journal of neurosurgery. 2008;108(2):227-35.

43. Bauman G, Fisher B, Watling C, Cairncross JG, Macdonald D. Adult supratentorial low-grade glioma: long-
term experience at a single institution. IntJRadiatOncolBiolPhys. 2009;75(5):1401-7.

44. van Breemen MS, Rijsman RM, Taphoorn MJ, Walchenbach R, Zwinkels H, Vecht CJ. Efficacy of anti-epileptic 
drugs in patients with gliomas and seizures. Journal of neurology. 2009;256(9):1519-26.

45. Iuchi T, Hasegawa Y, Kawasaki K, Sakaida T. Epilepsy in patients with gliomas: incidence and control of 
seizures. Journal of clinical neuroscience : official journal of the Neurosurgical Society of Australasia. 
2015;22(1):87-91.

46. Duhrsen L, Sauvigny T, Ricklefs FL, Mende KC, Schaper M, Matschke J, et al. Seizures as presenting symp-
tom in patients with glioblastoma. Epilepsia. 2019;60(1):149-54.

47. Yuile P, Dent O, Cook R, Biggs M, Little N. Survival of glioblastoma patients related to presenting symp-
toms, brain site and treatment variables. JClinNeurosci. 2006;13(7):747-51.

48. Ekpene U, Ametefe M, Akoto H, Bankah P, Totimeh T, Wepeba G, et al. Pattern of intracranial tumours in 
a tertiary hospital in Ghana. Ghana medical journal. 2018;52(2):79-83.

49. Ozawa M, Brennan PM, Zienius K, Kurian KM, Hollingworth W, Weller D, et al. Symptoms in primary care 
with time to diagnosis of brain tumours. Family practice. 2018;35(5):551-8.

50. Mortensen SJ, Bjerrum SN, Hedegaard SF, Tietze A, Gottrup H, von Oettingen G. The role of computed 
tomography in the screening of patients presenting with symptoms of an intracranial tumour. Acta neuro-
chirurgica. 2018;160(4):667-72.

51. IJzerman-Korevaar M, Snijders TJ, de Graeff A, Teunissen S, de Vos FYF. Prevalence of symptoms in 
glioma patients throughout the disease trajectory: a systematic review. Journal of neuro-oncology. 
2018;140(3):485-96.

52. Sizoo EM, Braam L, Postma TJ, Pasman HR, Heimans JJ, Klein M, et al. Symptoms and problems in the 
end-of-life phase of high-grade glioma patients. NeuroOncol. 2010;12(11):1162-6.

53. Osoba D. Rationale for the timing of health-related quality-of-life (HQL) assessments in oncological pallia-
tive therapy. Cancer treatment reviews. 1996;22 Suppl A:69-73.



General introduction and outline

- 25 -

1
54. Taphoorn MJ, van den Bent MJ, Mauer ME, Coens C, Delattre JY, Brandes AA, et al. Health-related qual-

ity of life in patients treated for anaplastic oligodendroglioma with adjuvant chemotherapy: results of a 
European Organisation for Research and Treatment of Cancer randomized clinical trial. Journal of clinical 
oncology : official journal of the American Society of Clinical Oncology. 2007;25(36):5723-30.

55. Taphoorn MJ, Stupp R, Coens C, Osoba D, Kortmann R, van den Bent MJ, et al. Health-related quality of life 
in patients with glioblastoma: a randomised controlled trial. The Lancet Oncology. 2005;6(12):937-44.

56. Ediebah DE, Coens C, Maringwa JT, Quinten C, Zikos E, Ringash J, et al. Effect of completion-time windows 
in the analysis of health-related quality of life outcomes in cancer patients. Annals of oncology : official 
journal of the European Society for Medical Oncology. 2013;24(1):231-7.

57. Brown RF, Butow PN, Dunn SM, Tattersall MH. Promoting patient participation and shortening cancer 
consultations: a randomised trial. British journal of cancer. 2001;85(9):1273-9.

58. Detmar SB, Muller MJ, Schornagel JH, Wever LD, Aaronson NK. Health-related quality-of-life assessments 
and patient-physician communication: a randomized controlled trial. Jama. 2002;288(23):3027-34.

59. Velikova G, Booth L, Smith AB, Brown PM, Lynch P, Brown JM, et al. Measuring quality of life in routine 
oncology practice improves communication and patient well-being: a randomized controlled trial. Journal 
of clinical oncology : official journal of the American Society of Clinical Oncology. 2004;22(4):714-24.

60. Velikova G, Keding A, Harley C, Cocks K, Booth L, Smith AB, et al. Patients report improvements in continu-
ity of care when quality of life assessments are used routinely in oncology practice: secondary outcomes 
of a randomised controlled trial. European journal of cancer (Oxford, England : 1990). 2010;46(13):2381-8.

61. Brom L, Pasman HR, Widdershoven GA, van der Vorst MJ, Reijneveld JC, Postma TJ, et al. Patients’ pref-
erences for participation in treatment decision-making at the end of life: qualitative interviews with 
advanced cancer patients. PloS one. 2014;9(6):e100435.

62. Tariman JD, Berry DL, Cochrane B, Doorenbos A, Schepp K. Preferred and actual participation roles during 
health care decision making in persons with cancer: a systematic review. Annals of oncology : official 
journal of the European Society for Medical Oncology. 2010;21(6):1145-51.

63. McMahan RD, Knight SJ, Fried TR, Sudore RL. Advance care planning beyond advance directives: perspec-
tives from patients and surrogates. Journal of pain and symptom management. 2013;46(3):355-65.

64. Billings JA. Advance care planning intervention. J Am Geriatr Soc. 2013;61(1):172-3.

65. Detering KM, Hancock AD, Reade MC, Silvester W. The impact of advance care planning on end of life care 
in elderly patients: randomised controlled trial. Bmj. 2010;340:c1345.

66. Kirchhoff KT, Hammes BJ, Kehl KA, Briggs LA, Brown RL. Effect of a disease-specific advance care planning 
intervention on end-of-life care. J Am Geriatr Soc. 2012;60(5):946-50.

67. Barnes K, Jones L, Tookman A, King M. Acceptability of an advance care planning interview schedule: a 
focus group study. Palliat Med. 2007;21(1):23-8.

68. Temel JS, Greer JA, Muzikansky A, Gallagher ER, Admane S, Jackson VA, et al. Early palliative care for patients 
with metastatic non-small-cell lung cancer. The New England journal of medicine. 2010;363(8):733-42.

69. Finlay E, Shreve S, Casarett D. Nationwide veterans affairs quality measure for cancer: the family assess-
ment of treatment at end of life. Journal of clinical oncology : official journal of the American Society of 
Clinical Oncology. 2008;26(23):3838-44.

70. Tamayo-Velázquez MI, Simón-Lorda P, Villegas-Portero R, Higueras-Callejón C, García-Gutiérrez JF, 
Martínez-Pecino F, et al. Interventions to promote the use of advance directives: an overview of systematic 
reviews. Patient Educ Couns. 2010;80(1):10-20.

71. Fritz L, Zwinkels H, Koekkoek JAF, Reijneveld JC, Vos MJ, Dirven L, et al. Advance care planning in glioblas-
toma patients: development of a disease-specific ACP program. Supportive care in cancer : official journal 
of the Multinational Association of Supportive Care in Cancer. 2020;28(3):1315-24.




