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A. Tommy Bergenheimb and Maria Sandstro
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ABSTRACT

ARTICLE HISTORY

Background: Glioblastoma (GBM) is an aggressive brain tumor with a short overall survival (OS) in
general. The treatment of GBM has evolved over the last decades and is today multimodal including
surgical resection followed by radiochemotherapy and adjuvant chemotherapy for patients in good
performance status. The aim of this study was to evaluate the development of treatment and the outcome for GBM patients at a single regional center.
Patients and methods: Survival was studied for 571 patients in our region diagnosed with GBM
between 1995 and 2015. Samples from 244 patients out of those treated 2005–2015 have been
included in a tissue/blood bank and a clinical database has been set up with basic patient characteristics and details on surgery and non-surgical treatment.
Results: The median OS for all patients from 1995 to 2015 was 9.3 months. There was a stepwise
improvement from 6.9 to 10.3 months for patients diagnosed 1995–1996 and 2010–2015, respectively
(p < .05). The 2-year survival for the same time periods improved from 7% to 18% (p < .01). After introduction of postoperative radiochemotherapy for patients in good performance status in 2005 an
increased OS was noted and following implementation of intraoperative 5-aminolevulinic acid the
number of tumor resection 95% did increase from 33% to 54% (p < .001). Positive prognostic factors
for survival were young age, good performance status, absence of inflammatory disease, absence of
diabetes or metabolic disease, tumor resection 95%, and completion of postoperative
radiochemotherapy.
Discussion: The results of this study are consistent with earlier results regarding survival and prognostic
factors and confirm results from randomized controlled trials in a clinical setting. Despite the improvements made, the prognosis is still dismal and the need for further research on GBM treatment is great.
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Abbreviations: 5-ALA: 5-aminolevulinic acid; CT: computed tomography; GBM: glioblastoma; Gy: Gray;
MGMT: 06-methylguanine-DNA-methyltransferase; MRI: magnetic resonance imaging; NSHCR: the
northern Swedish health care region; VEGF: vascular endothelial growth factor

Introduction
Glioblastoma (GBM) is the most common malignant primary
brain tumor. In Sweden approximately 400 persons are diagnosed with GBM every year and the age-adjusted incidence
in 2015 was 3.8 cases per 100,000 (data from the Swedish
Cancer Registry). GBM is a rapidly progressing tumor characterized by an infiltrative growth pattern making local treatments such as surgery or radiotherapy insufficient [1].
Despite modern state-of-the-art treatment median OS is still
a disappointing 10–12 months outside clinical trials [2–4].
Treatment of GBM has changed over the last 20 years.
Surgically, the implementation of neuronavigation and the
introduction of intraoperative 5-aminolevulinic acid (5-ALA)
flourescent microsurgery have enhanced the possibilities to
achieve a radiological gross total tumor resection [5]. A

higher extent of tumor resection is associated with improved
survival [3,6–8]. Postoperative treatment with radiotherapy
and temozolomide followed by adjuvant temozolomide has
been introduced in clinical practice and is now standard of
care for patients in good performance status [9–11].
At tumor progression, there is no standard second line
treatment established [12–15]. The anti-vascular endothelial
growth factor (VEGF) antibody bevacizumab has been used
in a selected group of patients as monotherapy or in combination with chemotherapy. However, it is not approved in
Europe for treatment of glioma and cannot be considered as
standard treatment [16–18]. At our center selected patients
with progressive GBM have been offered bevacizumab-based
second line treatment since 2007 [19].
Much of the reported improvements in survival have
been results from clinical trials in selected groups of patients.
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Reports on population-based results over longer time periods
are sparse but important since it more accurate reflects the
group of patients that we meet on a daily basis [3,4,20,21].
The aim of the present study was to evaluate how the scientific progress in GBM treatment has been translated into clinical reality for the whole population of patients treated at a
single Swedish university hospital from 1995 to 2015 and to
what extent it may have influenced survival. For a subgroup
of patients, included in the biobank cohort 2005–2015, we
have collected clinical data in order to describe the cohort in
detail. Inclusion in the biobank is prospective and patients
included in the biobank cohort after 2010 is participating
in the Uppsala-Umeå comprehensive cancer consortium
(U-CAN), which is a joint project with Uppsala University [22].

Material and methods
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Sweden) system on T1-weighted magnetic resonance imaging (MRI) with gadolinium contrast. Using pixel spacing, the
contrast-enhancing lesion was outlined on axial images, producing a cross-section area (mm2) of the tumor in the given
slice. The area was multiplied with slice thickness to calculate
tumor volume (mm3) in each slice. Tumor volume in each
slice was then added to obtain total tumor volume.
Measurements were performed on computed tomography
(CT)-scans when there was no preoperative MRI available or
when the MRI was performed >3 weeks prior to surgery and
a more recent CT was available. When there was no postoperative MRI, measurement was done on CT-scans.
Tumor location was defined as frontal, parietal, temporal,
occipital, central, multifocal, or posterior fossa. The following
areas were considered eloquent: motor or sensory cortex, visual cortex, speech areas, internal capsule, basal ganglia,
hypothalamus or thalamus, brainstem, and dentate nucleus.

Patients
Umeå University Hospital is serving the northern Swedish
health care region (NSHCR) with a population of
920,357–884,384 during the years of the study. GBM care is
largely centralized to the university hospital where all
patients are monitored at the multidisciplinary brain tumor
board for treatment decisions. Through the Swedish Cancer
Registry, the medical records from the departments of
Neurosurgery and Oncology, Umeå University Hospital, and
the database of the biobank, adult patients with a histopathological diagnosis of intracranial GBM according to the
WHO classification during the years 1995–2015 in the NSHCR
were identified. For all patients diagnosed 1995–2015 data
regarding age, gender and survival was collected from the
registry. Survival was, for all patients, calculated from the
date of diagnosis, defined as the date of first surgical procedure. Patients that were alive at the end of the study, 3
September 2017, were censored.
In 2005 a biobank was set up and after 2010 this was also
part of the U-CAN project [22]. In the biobank, tissue and
blood samples are collected at surgery and thereafter blood
samples at 3, 6, and 12 months. Up to 2015, 244 patients
with GBM were included in the biobank cohort representing
64% of all 382 patients diagnosed in NSHCR during these years.
For patients contributing to the biobank, clinical information
regarding age, gender, performance status according to WHO
[23], comorbidity, postoperative radiotherapy and/or chemotherapy, corticosteroid use, and treatment at tumor progression
were retrospectively collected from the medical records (NCS
CrossV (EVRY, Stockholm, Sweden), VASV (Norrbottens l€ans
landsting, Luleå, Sweden), and CosmiqV (Cambio Healthcare
Systems, Stockholm, Sweden). Comparisons between the
patients included in the biobank cohort and the patients diagnosed during the same years, 2005–2015, that were not
included in the biobank cohort were performed.
R

R

R

Radiologic evaluation
Volumetric measurements of pre- and postoperative tumor
€ping,
volume were performed in the SECTRAV (Sectra, Linko
R

Treatment
In order to analyze the treatment results over time, patients
were divided into four groups according to year of diagnosis.
The groups were the following: 1995–1996, 1997–2004,
2005–June 2010 (Q2 2010), and July 2010 (Q3 2010) –2015.
The cutoff points were chosen considering three important
changes in diagnostics and treatment: a revised WHO classification [24] was implemented in 1997, radiochemotherapy
according to the trial by EORTC/National Cancer Institute of
Canada Clinical Trials Group [9] was initiated in 2005 and the
use of 5-ALA at surgery was started in July 2010.
Surgical treatment was graded as biopsy, resection <95%
or resection 95% based on the volumetric measurements. In
seven patients, where neither postoperative MRI nor CT was
performed, the postoperative tumor volume was estimated as
partial or total resection, based on the surgeon’s judgment.
For patients diagnosed 2005–2015 not included in the biobank cohort, the degree of resection was obtained from the
surgical notes reporting the surgeon’s subjective assessment.
Radiochemotherapy was defined as radiotherapy to
60 Gray (Gy) in 30 fractions with concomitant temozolomide
followed by six cycles of adjuvant temozolomide [9].
Radiotherapy was delivered as 3D conformal radiotherapy,
intensity modulated radiotherapy (IMRT) or volumetric arc
therapy (VMAT) using high-energy linear accelerators.
In the analysis of non-surgical treatment, patients were
divided into four subgroups according to given postoperative treatment and a fifth group who did not receive any
radio- or chemotherapy. Groups were defined as follows:
patients who received completed postoperative radiochemotherapy (including patients treated with 6 or more cycles of
adjuvant temozolomide; reduced temozolomide dose or
delayed administration due to hematologic toxicity was
accepted); not completed postoperative radiochemotherapy;
other treatment (e.g., radiotherapy or temozolomide as
monotherapy, hypofractionated radiotherapy followed by
adjuvant temozolomide, temozolomide as monotherapy
before initiation of radiochemotherapy or treatment in clinical studies including radiotherapy and/or temozolomide);
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and patients included in postoperative clinical studies with
bevacizumab [25,26] or valganciclovir in combination with
radiotherapy and temozolomide [27]. All patients scheduled
for radiochemotherapy constitute the intention to treat (ITT)
radiochemotherapy group.
Repeated surgery, systemic therapy and radiotherapy at
tumor progression were registered. Patients included in clinical studies at tumor progression were classified according to
their primary treatment.

survival analysis was performed using Kaplan–Meier estimates
and subgroups were compared with log-rank test.
Multivariable survival analysis was performed using Cox
regression. Results were considered significant when p < .05.

Ethics
Ethical approval of this study was obtained from the Ethics
Committee at Umeå University (2003/03-154, 2006/06/124,
2011-308-31M, 2016-95-32M, 2016-188-32M).

MGMT analysis
In a subgroup of the biobank cohort, MGMT promoter
methylation was analyzed in tissue from 85 patients in the
ITT radiochemotherapy group.

DNA extraction and bisulfite treatment
Bisulfite conversion of 50 ng genomic DNA was performed using
the EpiTect bisulfite kit (ref. 59124, Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Each bisulfite
modification experiment included a universal 50% methylated
DNA sample prepared by mixing a 100% methylated sample
and an unmethylated sample (Human Methylated &
Nonmethylated DNA Set, catalog code: D5014, Zymo Research).
DNA from a normal brain as negative control was included.

Analysis of MGMT promoter methylation
The pyrosequencing assay was performed using the therascreen MGMT Pyro Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. The PCR products were
subjected to pyresequencing on a Pyromark Q24 System
(Qiaqen, Hilden, Germany).

Statistical analyses
A database was set up using MS Excel (Microsoft Corp,
Redmond, WA) and statistical analyses were performed using
SPSS 24 (IBM Corp, Armonk, NY). When comparing the two
cohorts comparisons were done with Chi-square test and
Student’s t-test. Pearson Chi-square test was used to determine if there was any correlation between gender, age group
and type of surgery and also if there was any correlation
between comorbidity or smoking and survival. Univariate

Results
Patients
During the years 1995–2015, 571 adult patients diagnosed
with GBM in the NSHCR were identified (Table 1). Twenty
patients (4%) were censored at a median follow up time of
48.7 months (range 21.1–153.2 months). For all 571 patients
the median age at diagnosis was 64 years (range 19–84), 352
were male (62%) and 219 female (38%). In 1993, there was a
change in the WHO classification that was implemented on a
national level in 1997. This resulted in an increase in the incidence of GBM and decrease in, especially, anaplastic astrocytoma WHO grade III (Table 1 and Supplementary Figure 1).
During the years 2005–2015, 382 patients were identified
(Supplementary Table 1) of whom 244 patients (64%) contributed to the biobank. One hundred and thirty patients
(34%) not included in the biobank cohort and eight patients
(2%) diagnosed by autopsy in the same time period were
also identified.
In the biobank cohort, 155 were male (64%) and 89
female (36%) and the median age was 64 years (range
21–84). Cardiovascular disease and metabolic disease including diabetes were common. Preoperative WHO performance
status was 0–1 for a majority of the patients (Supplementary
Table 1). The basic characteristics of the 138 patients diagnosed 2005–2015, but not included in the biobank cohort,
are also presented in Supplementary Table 1.

Survival
For all 571 patients, the median OS was 9.3 months (95% CI
8.5–10.1). The median OS improved from 6.9 months (95% CI
5.3–8.6) for patients diagnosed 1995–1996 to 10.3 months
(95% CI 8.9–11.7) for patients diagnosed after July 2010

Table 1. Incidence, basic characteristics and overall survival of 571 adult patients with GBM in northern Sweden during the
years 1995–2015.

Mean incidence
(cases per 100 000/year)
Age at diagnosis
(median, range)
Gender (male/female in %)
Overall survival in months
(median, 95% CI)
2-year survival (n, %)
3-year survival (n, %)
5-year survival (n, %)

1995–1996
n ¼ 27

1997–2004
n ¼ 162

2005–2010 Q2
n ¼ 185

2010 Q3–2015
n ¼ 197

1995–2015
n ¼ 571

1.5

2.3

3.8

4.0

3.0

62
(40–78)
52/48
6.9
(5.3–8.6)
2 (7)
1 (4)
1 (4)

63
(19–82)
61/39
8.3
(7.1–9.6)
10 (6)
3 (3)
3 (3)

64
(25–84)
62/38
9.4
(7.6–11.0)
29 (16)
17 (9)
8 (4)

66
(21–84)
63/37
10.3
(8.9–11.7)
35 (18)
15 (8)
4 (2)

64
(19–84)
62/38
9.3
(8.5–10.1)
76 (13)
38 (7)
16 (3)
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Figure 1. Kaplan–Meier analysis of overall survival in 571 patients with GBM diagnosed from 1995 to 2015. All patients (a), by year of diagnosis (b). Number at risk
is presented below the Kaplan–Meier plot. Log-rank test.

(Table 1 and Figure 1). A stepwise increase was noted especially in 2- and 3-year survival (Table 1). For the biobank
cohort the median OS was 10.6 months (95% CI 9.6–11.7).
The 138 patients not included in the biobank cohort had a
significantly shorter median OS, 6.8 months (95% CI 5.6–8.0,
p < .05) (Supplementary Table 1).

Treatment and survival in the biobank cohort
Surgery
In the biobank cohort, tumor resection 95% was achieved
in 76 patients (31%), 100 patients (41%) underwent a tumor
resection <95%, and 68 patients (28%) had a tumor biopsy.
Forty-nine patients (20%) had tumors located in an eloquent
area (Supplementary Table 2).
5-ALA was introduced in July 2010 and was thereafter
used in 85 (79%) of all tumor resections. When using 5-ALA,
the number of patients that underwent a resection 95%,
was significantly higher (54% versus 33%, p < .001). Tumor
resection 95% is not always possible due to tumor location
but, in our study, the number of resections 95% in eloquent areas (41%) was similar to non-eloquent areas (44%)
for patients with tumor resection. For patients with tumor
resections, the mean preoperative tumor volume was
37.9 cm3 and the mean postoperative tumor volume was
4.1 cm3 (p < .001) (Supplementary Table 2).
The postoperative WHO performance status was improved
for one-third, worse for one-third of the patients, and for the
remaining patients no change was registered compared to
preoperative performance status (data not shown).

completed the treatment (Supplementary Table 3). For
patients initiating radiochemotherapy a mean of 3.5 cycles of
adjuvant temozolomide was administered. Tumor progression was the most common cause for interrupted treatment
and toxicity, mostly hematologic, was the second most common cause (Supplementary Table 4). In the ITT group, there
was no difference in gender distribution, age or use of corticosteroids during radiotherapy between patients that completed or interrupted their therapy. For the patients that
interrupted radiochemotherapy, performance status was
worse (p < .05) (Supplementary Table 4).
Nineteen patients (8%) were included in clinical trials with
addition of experimental drugs to postoperative radiochemotherapy and 68 patients (28%) underwent postoperative treatment differing from that previously described including
radiotherapy (n ¼ 28) or chemotherapy (n ¼ 18) as monotherapy and other postoperative treatment (n ¼ 22) (Supplementary
Table 3).

Treatment at tumor progression
One hundred and twenty-six (52%) patients had antineoplastic treatment at tumor progression; 50 patients (20%) had
repeated surgery, 66 patients (27%) had chemotherapy and/
or bevacizumab, and 10 patients (4%) underwent radiotherapy at tumor progression. Repeated surgery was combined
with systemic therapy in 44 patients (18%) (Supplementary
Figure 2 and Supplementary Table 5). Three patients were
still under observation without sign of tumor progression up
until September 2017.

Non-surgical treatment

Detailed analyses of survival in the biobank cohort

Radiochemotherapy was introduced in 2005 and was thereafter used in 134 patients (55%) and 42 (31%) out of those

Patients with a tumor resection 95% had a median OS of
19.6 months (95% CI 17.4–21.9), patients that underwent a
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Figure 2. Kaplan–Meier analysis of overall survival in 244 patients diagnosed with GBM during the years 2005–2015 (the biobank cohort). Effect on overall survival
of patient age (a), preoperative performance status (b), type of surgery (c), cardiovascular disease (one missing) (d), diabetes/metabolic disease (e), and inflammatory disease (f). Number at risk is presented below the Kaplan–Meier plot. Log-rank test.
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Table 2. Cox-regression analysis of factors associated with overall survival in
244 patients with GBM diagnosed 2005–2015 (the biobank cohort).
Age
<64.4 years
64.4 years
Preoperative WHO PS
0–1
2
3–4
Metabolic disease/diabetes
No
Yes
Inflammatory disease
No
Yes
Extent of surgery
Resection 95%
Resection <95%
Biopsy
Postoperative treatment
ITT radiochemotherapy
Other treatment
Trial with experimental drug
Best supportive care

n

HR

95% CI

p Value

122
122

1.0
1.4

1.0–1.8

<.05

169
55
20

1.0
2.1
1.6

1.5–2.9
0.9–2.8

<.001
ns

205
39

1.0
1.6

1.1–2.4

<.05

217
27

1.0
2.1

1.4–3.2

<.001

76
100
68

1.0
1.8
2.5

1.3–2.5
1.7–3.7

<.001
<.001

134
68
19
23

1.0
1.9
1.0
10.3

1.4–2.6
0.6–1.7
5.6–19.0

<.001
ns
<.001

resection <95% had a median OS of 11.0 months (95% CI
9.1–12.9) and for biopsy the median OS was significantly
shorter, 5.7 months (95% CI 4.2–7.2) (Figure 2c and
Supplementary Table 2).
The median OS for the ITT radiochemotherapy group was
15.0 months (95% CI 13.0–17.2). Further, the 2-year-survival
was 29% and the 5-year survival 3% (Supplementary
Table 4). For patients with antineoplastic treatment at tumor
progression, the median OS was 18.8 months (95% CI 16.
1–21.5) (Supplementary Table 5).
MGMT promoter methylation was analyzed in 85 patients
(63%) in the ITT radiochemotherapy population. The 15
patients with high promoter methylation (>25%) had a
median OS of 38.2 months (95% CI 12.0–46.1), nine patients
with low MGMT promoter methylation (10–25%) had a
median OS of 18.5 months (95% CI 6.9–11.2) and 61 patients
with unmethylated MGMT promoter (<10%) had a median OS
of 19.1 months (95% CI 13.4–18.0) (Supplementary Figure 3).
The use of corticosteroids during radiochemotherapy was
associated with a shorter OS. In the ITT radiochemotherapy
group, 97% of the patients were given corticosteroids after a
tumor biopsy, 72% of the patients had corticosteroids after a
tumor resection <95%, and 44% after a tumor resection 95%.
The group treated with corticosteroids during radiotherapy had
a significantly larger mean postoperative tumor volume
(10.6 cm3 compared to 1.6 cm3 (p < .001)) (data not shown).
Cox regression analyses revealed that age below 64 years,
favorable preoperative WHO performance status, no diabetes/metabolic or inflammatory disease, extensive surgery
and postoperative radiochemotherapy were independent factors associated with longer OS (Table 2 and Figure 2).

Discussion
During the last two decades, there has been a development
in the treatment of GBM with improvements in surgical techniques and introduction of postoperative radiochemotherapy
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and adjuvant chemotherapy as standard treatment. In this
study, the outcome of the treatment of GBM at the university hospital serving the northern part of Sweden is
described. We found that stepwise changes in treatment routines have translated into an improved outcome for our
patients, especially in 2-year survival, and we have been able
to identify subgroups with substantially better prognosis.
Analyzing our survival data, we found three factors that
seemed to influence the overall survival. First, the revised
WHO classification in 1993 that, when implemented in 1997,
resulted in an increase in the incidence of GBM and decrease
of, especially, astrocytoma III (Supplementary Figure 1) [24].
Most probably, this had the effect that some tumors earlier
classified as grade III was classified as grade IV tumors resulting in a longer median survival for the group of grade IV
tumors diagnosed after 1997. This diagnostic drift due to the
change of the WHO classification of CNS tumors may be of
great importance when comparing modern studies with historical data.
Second, in 2005, postoperative radiochemotherapy was
introduced in clinical routine [9] and we found an OS comparable to the 5-year analysis of the EORTC-NCIC trial [10]
regarding 2-year survival (29% in our cohort compared to
27% in the EORTC-NCIC trial) for patients initiating combined
treatment. Despite that the patients in our cohort are older
and had a worse performance status. The 5-year survival was
lower in our study compared to the EORTC-NCIC trial, 3%
and 10%, respectively [9,10]. These findings implicates that
the results of the EORTC-NCIC trial are reproduced in a population based clinical cohort. As expected, patients with
MGMT promoter methylated tumors had a similar survival
benefit as been reported in many previous studies [28,29].
Third, after July 2010 the use of 5-ALA became routine
during surgery [5] which, in patients that underwent resection, resulted in a significantly higher number of patients
operated on with tumor resection 95%, figures coinciding
with previous studies on 5-ALA [5]. In our study, as well as in
many others, extensive surgery was independently associated
with a longer OS [7,30]. These data must be considered with
caution since those patients are not subject to randomization. Although more patients had resections 95% after the
introduction of 5-ALA, the changes in postoperative performance status in our series was comparable to other studies [20,31].
The survival of our unselected patient cohort over time is
in line with earlier findings [2,3,21]. However, in a study from
Kawano et al. [32], the OS was slightly longer. One explanation could be that more patients in our study had undergone biopsy only, which may indicate a possible selection
bias in the Japanese study. There were also differences in
postoperative treatment, both regarding radiotherapy and
chemotherapy between the studies that partly may explain
the different outcomes. The prognostic factors that we found
to be associated with a survival benefit are in concordance
with earlier studies: younger age, favorable performance status, extensive surgery, and multimodal postoperative treatment [3,32,33].
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The subgroup of patients treated with extensive surgery
and postoperative radiochemotherapy had a better OS.
Unfortunately, only a minority of the patients completed
radiochemotherapy and the long-term survivors in our
cohort are few. The most frequent reason for abrogated
postoperative treatment in our series was tumor progression.
In the EORTC-NCIC study by Stupp et al. [9] a median of
three cycles of adjuvant temozolomide was administered
and 47% of the patients completed six cycles. The main reason for abrogated treatment in their study was disease progression and only in 8% the reason was toxicity. In
comparison, toxicity from treatment was more common in
our study (25%), which may be related to that our patients
had a worse performance status and a higher median age.
Misinterpretation of pseudoprogression as true progression
could also be a reason for abrogated adjuvant chemotherapy
in some cases. In order to minimize this problem, our
patients are always discussed at the multidisciplinary
brain tumor board to consider both clinical status and radiology findings to determine if to continue or stop/
change treatment.
Patients with a tumor resection 95% followed by completed radiochemotherapy had an outstanding prognosis
with a median OS of 32.4 months. Of these 20 patients, 17
had antineoplastic treatment at tumor progression and three
are still under observation without sign of progression.
Whether the strong positive prognosis in this group depends
on the treatment itself and/or that the patients belong to a
group with strong prognostic clinical factors is in the
absence of a randomized controlled trial, impossible to
know. Future studies on genetics, proteomics, or metabolomics of these patients’ tumors may reveal clinically useful biomarkers.
Evidence for the value of treatment at tumor progression
is limited. Our policy has been to, if the patient is in a good
performance status, reoperate if possible and give second
line non-surgical treatment. Temozolomide has been considered since 2005 if not administered earlier or if more than
six months has passed since earlier temozolomide treatment.
Further treatment (bevacizumab, irinotecan, lomustine, or a
combination of procarbacine, lomustine, and vincristine) has
been offered for patients in good performance status.

Limitations
When collecting data on performance status retrospectively
from medical records, there is always a possibility for incorrect classification. In case of indistinct records, two of the
authors did independently classify the patient after which a
consensus was achieved.
MGMT status was only available for a subgroup of our ITT
radiochemotherapy population which is a limitation in our
study. The positive prognostic value of MGMT methylation is
well recognized in many previous papers [29,34,35].
The in-detail studied biobank cohort is not fully representative for the total patient cohort. Patients not included in
the biobank cohort were usually older and more often had a
biopsy as only surgical intervention. The amount of tissue

from a biopsy was often too small to allow both histopathological diagnosis and a sample for the biobank. Since this
group is not thoroughly studied, differences in postoperative
treatment are not known. The shorter survival in this group
can be related to older age and higher incidence of biopsies.

Conclusions
Our study demonstrates that improved GBM treatment with
introduction of a multimodal approach increased survival in
an unselected clinical cohort. This was especially evident in
the improved 2-year survival rate from 7% 1995–1996 to
18% 2010–2015. However, the increase in median OS was
modest (6.9–10.3 months), which emphasizes the need for
further improvement in the treatment of GBM. New treatment strategies must be developed and tested in randomized controlled trials.
Based on the findings from this retrospective analysis, we
would like to emphasize the value of multimodal treatment
for patients in good performance status. Treatment at
relapse including repeated surgery and second-line systemic
treatment appears to be justified for a selected group
of patients.
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