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Abstract

Background: Glioblastoma Multiforme (GBM) is the most frequently encountered malignant primary brain tumour. Population-based studies of GBM are still
scarce. The current paper describes the design of a prospective population-based multidisciplinary research effort on GBM.

Objective: To address the impact of a wide range of clinical parameters in relation to clinical outcome and survival in a population-based cohort of patients with
GBM. Further, we aim to examine the role of established and novel biomarkers in tumour tissue and blood in relation to response to treatment and clinical outcome.

Methods: This is a single institution, population-based study with consecutive inclusion of patients based on a presumed diagnosis of GBM following radiological
diagnostic work-up and discussion at a multidisciplinary tumour conference. Clinical parameters and treatment-related parameters at disease onset and during follow-
up, and survival will be recorded. Health-related quality of life and emotional wellbeing for patients and their relatives will be assessed. Fresh-frozen and formalin-
fixed paraffin-embedded (FFPE) tumour tissue is stored in an associated tissue biobank. Tissue micro-arrays are generated from representative areas of FFPE. Blood
samples at admission for surgery and during follow-up are taken and stored frozen.

Expected outcome: The study offers a multidisciplinary and translational approach to GBM research by linking a wide range of clinical parameters to biological
parameters with high external validity. Thus, we expect to describe patterns of care and clinical course in a well-defined population-based cohort. Through a biomarker
approach, we expect to 1) identify new biological subgroups of GBM, 2) explore and validate established and novel biomarkers for response to therapy, 3) estimate the
proportion of patients suitable for targeted (“druggable”) therapy, and 4) explore and validate established and novel biomarkers for survival.

The burden of a disease and trends in incidence, prevalence and
treatment of the specific condition over time are all important factors for

Abbreviations: GBM: Glioblastoma Multiforme; HRQoL:
Health-related Quality of Life; SF-36: Short Form-36 Health Survey;
HADS: Hospital Anxiety and Depression Scale.

Introduction
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Glioblastoma (GBM), a frequently encountered tumour of the
CNS, is the most malignant type of glioma with a median survival
time of 6-12 months in population-based studies [1-4]. While
current standard treatment has been shown to prolong survival, still
less than 10% of patients survive for longer than 5 years [5,6]. The
incidence of GBM is estimated to 4 per 100.000 individuals per year
[7-10].
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allocating optimal resources to a specific condition [11-13]. Although
GBM is a relatively rare tumour, the short life expectancy associated
with the disease makes it a public health problem. Further, when GBM
affects a family member, it will affect the health of the closest family. It
is therefore of outmost importance to widen current research efforts to
enfold epidemiology, quality of life, clinical, biomarker and oncological
research on a population basis. Population-based studies have high
external validity, offer a clear picture of the burden of disease and will
provide invaluable information on risk factors and trends over time [14].
Further, multiple analyses, from quality of life to clinical, molecular and
cellular aspects, are ideally studied in a population-based setting.

Despite the extensive research efforts done in the field of GBM,
many studies comprise of single centre investigations, with single
surgeon experiences, and are ultimately subject to obscured selection
and limited universality with low external validity. However, efforts
towards clinical research networks with multicentre layout and
development of tissue banks for translational research have also been
made. The German Glioma Network is the result of such a collaborative
effort covering multicentre population-based studies and encompassing
both molecular genetics and clinical research [15].

At group level, several parameters have been shown to affect the
survival of patients with GBM. Among these, the most important
established factors are age [1,2, 9,16-19], performance status [2,9,16-
19], extent of resection [1,9,17,18,20], location of the tumour [16,19-
21], multifocal location [1,2,18], bilateral location [1,9,19], type of
oncological treatment [1,9,17-21], methylation status of the O-6-
methylguanine-DNA methyltransferase (MGMT) gene promoter
[22-24], and isocitrate dehydrogenase (IDH) gene mutations [25,26].
However, the prognosis and response to the treatment at individual
level is still difficult to predict. For the validation of established factors
and the relative importance of each individual factor, a prospective
study design is needed. Such a prospective study could ideally also pave
the road for the detection of novel biomarkers through multi-analyses
of collected bio samples.

The Gothenburg population based GBM research database uses a
multidisciplinary approach enfolding several facets of GBM research
at a population basis. Earlier we have investigated the clinical and
treatment variables in GBM in a retrospective population-based setting
[1]. The current clinical database and the associated biobank will
address new questions that could not be answered in a retrospective
setting. The actual paper presents a summary of this collaborative
research effort and describes our study set-up in detail.

Objectives
The specific aims and objectives of the current study include:

- To investigate patterns of care and survival in relation to patient-
related, tumour-related and treatment-related parameters for GBM.

- To evaluate the role of established and potential novel diagnostic,
predictive and prognostic biomarkers in tumour tissue and blood.

- To describe the subgroup of patients with radiological but no tissue-
verified diagnosis, such as elderly patients with poor performance
status and severe co-morbidities.

- To evaluate the quality of life and emotional wellbeing of patients
and their relatives over time with the aim to identify modifiable
factors affecting these parameters.
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Patients and methods

The Department of Neurosurgery in Gothenburg is the single
neurosurgical centre in the Western region of Sweden with a referral
base of about 2 million people. All patients with suspected primary brain
tumours are referred to a multidisciplinary team (MDT) conference
for diagnostic discussions and therapeutic decisions. The current
study set-up comprises consecutive inclusion of patients with GBM
diagnosis from November 2012 and onwards. To date, 558 patients have
been enrolled in the study, we expect to include another 60 patients
annually. The study protocol has been approved by the Regional Ethical
Committee for Medical Research at Gothenburg University (Dnr. 179-
08, Dnr. 559-12, Dnr T505-18 and Dnr 604-12).

Inclusion criteria in the surgical study

Patients 18 years of age or older with a suspected diagnosis of a
supratentorial GBM are consecutively included in the study. Decisions
on diagnosis and study inclusion are made at MDT conferences,
with MRI diagnostics as a cornerstone and evaluated by experienced
neuroradiologists. Other members of the MDT are neurosurgeons,
neuropathologist, oncologists, neurologists and tumour nurses.
New cases are typically evaluated prior to and after surgery when
histopathological tumour diagnosis becomes available. Patients with
suspected GBM who are not selected for surgical intervention at the
MDT conference, are included in the research database based on
radiological diagnosis and followed for survival. Patients who have
not been included following initial MDT conference but receive a
histopathological GBM diagnosis are included in the study for further
follow up.

Exclusion criteria of the surgical study

Exclusion criteria are age below 18 years or primarily suspicion
of an alternative diagnosis. Patients for whom surgical intervention,
i.e., biopsy or resection, is judged not possible or safe to perform, are
included for clinical follow-up only. Common reasons for deferring
surgical procedure are the general condition of the patient, the patient’s
own wish, or otherwise when high-risk procedures are not considered
meaningful. Patients included based on MDT decision for whom the
histopathological tumour diagnosis is not GBM, will be excluded.

Description of the study
Clinical evaluation

The study started in November 2012 with a consecutive inclusion
of all GBM patients in our region. Prior to surgery, patients are
informed by their treating neurosurgeon, and informed consent to
participate in the study is obtained. All patients undergo a preoperative
routine neurological examination and blood sampling for analysis of
biomarkers in the blood.

After the surgical procedure, a postoperative MRI is performed
within 72 hours to assess the extent of the surgical resection. Radical
resection of a tumour is considered to be complete resection of the
enhancing tumour (CRET) [27] with no contrast enhancement left. All
other extent of resection is considered partial. In addition, volumetric
approaches using dedicated software and evaluation of tumour
remnant in a volumetric manner are conducted for specific projects
when considered appropriate. The biopsy procedure could be open via
craniotomy or using any kind of stereotaxy (frame-based or frame-
less). Neurologic examination is performed following MRI and prior
to discharge from the neurosurgical ward. All patients are followed up
in connection with oncological treatment. Overall survival is defined as
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the time interval between the day of the surgery and the date of death
or of the last follow-up.

Established Clinical and Molecular Markers

The following basic clinical data and demographics for survival
are collected: age at surgery, gender, location of tumour (multifocal,
bilateral), extent of resection, comorbidity, WHO performance status
[28], neurological deficits, initial symptomatology (reversible by
corticosteroids or not), as well as comorbidity. In addition, established
molecular markers for GBM (IDH genotype, MGMT methylation
status) are analysed (see Tissue Handling).

Blood Biomarkers

At the admission to the neurosurgical department, blood samples
are taken for analysis of biomarkers, such as glial fibrillary acidic
protein (GFAp), neurofilament light protein (NfL), phosphorylated
neurofilament heavy (pNfH) and tau (a microtubule-associated
protein). GFAp is the main intermediate filament protein in astrocytes
[29]. GFAp in serum has been shown to correlate to the size of GBM
[30] but is so far not indicated as a prognostic biomarker [30-32]. The
neurofilament proteins are the main structural components of axons;
particularly large myelinated axons [33]. These biomarkers have yet
not been studied in blood in connection to cerebral tumours. Tau is
a microtubule-associated protein, mainly located in unmyelinated
axons with the main function of stabilizing the axonal cytoskeleton
[34]. Tau has so far not been analysed in blood in connection with
GBM. However, serum tau has been associated with poor outcome and
presence of brain metastases in breast cancer [35]. Aliquots of serum
and plasma are frozen for later analysis and correlated to the clinical
course and survival. Follow up blood samples may be taken throughout
the clinical course. In addition, an appropriate control group will be
analysed when considered relevant. Finally, potential new markers
may also be analysed. State-of-the art ultrasensitive immunoassays,
including Single molecule array (Simoa) and Single molecule counting
(SMC) will be used for the measurements.

Tissue handling in the pathology department

Tumour tissue is fixed with 4% formaldehyde, dehydrated and
embeddedin paraffinwax. A clinical histopathology workupis performed
by a specialist in neuropathology according to WHO 2007 [36] and
WHO 2016 [37, 38] classification. The workup is based on routine stains
and ancillary techniques, such as special stains, immunohistochemistry
and next generation sequencing. Fluorescence in situ hybridization
is sometimes used, mostly for exclusion of differential diagnoses. For
routine stains, sections (4um) are cut using a microtome (RM2255 or
RM2165 Leica), placed in heated water bath to expand and mounted
on SuperFrost™ Adhesion slides (Thermo Scientific). The sections are
dried in a heating cabinet for 15 to 30 minutes prior to deparaffinization
and staining with Mayer’s haematoxylin and eosin (H&E; Histolab,
Sweden). For immunohistochemistry, tumour tissue is stained using
a DAKO Autostainer and Envision FLEX+ detection system. Briefly,
deparaffinized sections are subjected to antigen retrieval by boiling
at high pH for 20min, followed by blocking with hydrogen peroxide
and incubation with primary antibodies against various antibodies.
The detection system amplifies the primary antibody signal and the
reaction is visualized by DAB+ chromogen. IDH mutation is analysed
with immunohistochemistry with antibodies detecting IDH1 R132H
point mutation (Dianova DIA-H09) or next generation sequencing
including the most common IDH1 and IDH2 point mutations (Ion
AmpliSeq CancerHotspot v2 Panel, ThermoFisher). For analysis of
MGMT-promoter methylation levels, the mean value of methylation
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levels of four analysed CpG-sites is measured. DNA is extracted
(Qiagen QIAamp® DNA FFPE-kit) and bisulfite converted (EpiTect
Plus FFPE Bisulfite Kit, Qiagen). MGMT promoter methylation levels
are then analysed with pytosequencing (Qiagen Therascreen MGMT
Pyro Kit). The outcomes are interpreted according to Dunn et al. [39]
and Reifenberger et al. [40], and according to Quillien et al. [41].

Antibody-based proteomics

Antibody-based proteomics provides a strategy for the systematic
generation and usage of specific antibodies to explore the proteome
[42]. The Swedish Human Protein Atlas (HPA) program has been set
up to generate a comprehensive map of protein expression patterns in
human tissues and cells [43]. The expression of over 24.000 antibodies
corresponding to 16.975 protein-encoding genes in the human genome
have so far been successfully characterized and published as large open
access knowledge-based data on the HPA portal (www.proteinatlas.
org) [43]. This multi-disciplinary research program combines large-
scale generation of antibodies with protein profiling in human
tissues and cells, using high-throughput immunohistochemistry on
tissue microarrays (TMAs). Paraffin blocks derived from GBM with
representative tumour areas are used for production of TMAs. TMAs
are generated as previously described [44], including two tissue cores
from each donor block.

Tissue epigenetics

The 2016 WHO classification of brain tumours is based on
histopathological criteria in combination with molecular markers [37,
38]. DNA methylation-based classifiers have been shown to accurately
classify and stratify patients into subgroups with distinct survival
times [45-48] and are hence considered for clinical diagnostics, and
already used for this purpose [49]. Samples of the tumour extirpated
are fresh-frozen in case enough material is available. DNA is extracted
from samples with >70% tumour cell content. It has been demonstrated
that fresh frozen as well as formalin-fixed paraffin-embedded tissue
is suitable for DNA methylation-based classification [50], and
formalin-fixed paraffin-embedded tissue is used when fresh frozen
is not available. DNA methylation-based classification can be used
to accurately assign a correct diagnosis (~15% of brain tumours have
been shown to be incorrectly diagnosed using standard methods [51]),
to generate chromosomal copy number profiles and for independent
assessment of MGMT methylation status [52,53]. The possibility to
profile DNA methylation will therefore enable state-of-the-art analyses
of the collected tumour tissue.

Quality of Life and emotional wellbeing

Short form health survey (SF-36) is a generic questionnaire about
health status and it is one of the most widely used measures of health-
related quality of life (HRQoL) in patient studies. The instrument has
been translated and standardized after Swedish standards with good
validity and reliability [54-56]. The subscales achieve representation of
health concepts from a multi-dimensional perspective. The domains
range from 0 to 100 (worst possible health state to best possible health
state) [56] and is divided into two dimensions of health; physical
component summary and mental component summary [54]. The
Hospital Anxiety and Depression Scale (HADS) is a validated self-
assessment scale with 14 items, divided in two subscales including
the person’s own experience of anxiety and depression. Items range
from 0 to 3 on a four-point Likert scale. The sums range from 0 to 21.
Seven points or lower indicate absence of significant levels of anxiety or
depression, scores between 8 and 10 indicate doubtful cases, and scores
over 11 indicate definite cases of anxiety or depression [57].
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Patients and relatives estimate their HRQoL by SF-36 and emotional
wellbeing by HADS preoperatively as well as at 3 weeks, 12 weeks, 6
months, 1 year, 1.5 year and 2 year postoperatively or until they are no
longer able to participate. In addition, open-ended questions regarding
experiences of treatment, information and support will be included.

Statistical analyses for the QoL part

Descriptive statistics such as median with range and mean with
standard deviation will be used to present data. Paired comparisons
between patients and relatives will be analysed by Wilcoxon signed-
rank test and differences between groups (gender) by the Mann-
Whitney U test. Multivariate linear regression will be used for SF-36
and HADS for patients as well as relatives. Longitudinal analyses shall
also be performed.

Qualitative analysis and interview study

SE36 and the HADS will be completed by patients and their
relatives, together with open-ended questions regarding experienced
information and support over time. The data will be analysed by
qualitative content analysis, focusing on the manifest content on a
descriptive level close to the text [58], systematically analysing written
or verbal communication [59]. Patients and their relatives will be
interviewed from a semi-structured guide, using maximum variation
sampling [60]. Factors relevant are age, gender, type of resection/biopsy,
time from surgery, and physical and cognitive function. The method is
hermeneutic [61].

Statistical analyses

Statistical analysis will be performed in collaboration with a
specialised statistical consult group. For categorical variables, numbers
and percentages are presented. For continuous variables, mean, standard
deviation, median, minimum, and maximum are used. Time-to-death
analyses may be done by Poisson regression models for time-varying
data with time post-surgery divided into intervals: start - 1 year, 1 - 3.5
years, and > 3.5 years in the study. This way, the effect of time itself is
investigated as one of the risks for death.

Discussion

We describe a single-centre, prospective, population-based and
observational study including a minimum of 60 GBM patients annually
in a prospective consecutive setting. In this setting, we will evaluate
the impact of traditional clinical factors as well as the putative role
of biomarkers in tumour tissue and blood. The study setting offers a
possibility for translational research linking basic tumour research
(e.g., tumour markers and biomarkers in blood) to clinical parameters,
such as survival time and response to treatment. The multidisciplinary
approach allows the evaluation of multiple study parameters affecting
clinical outcome and survival in a well-defined cohort of patients.

GBM cause huge physical and emotional stress for the patient
[62,63], and will probably also affect the life among relatives. However,
few studies so far have examined the HRQoL and emotional wellbeing
of patients and their relatives over time, in relation to each other, or
in relation to clinical parameters. These important aspects are to be
studied in this project and used to design a support model to improve
the care not only for the patients but also for their families.

Expected outcome

We expect to find clinical predictors for long-term and short-term
survival that can be used to guide individual treatment decisions. We
may also identify novel prognostic and predictive biomarkers in blood
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samples and tumour tissue. For example, blood-based biomarkers
may be able to predict recurrence of tumour at an early stage. Further
knowledge on the HRQoL and emotional wellbeing of patients and
their relatives will be used to improve future care.

Strengths and limitations

The population-based prospective design with high external
validity is one of the major strengths. As such, the opportunities for
translational and multidisciplinary research are abundant, due to
well-grounded collaborations. Missing cases, including patients who
undergo emergency surgery or are too ill to give informed consent
constitute one of the limitations, but our experience so far is that these
cases are few.
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