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Background. The Swedish brain tumor registry has, since it was launched in 1999, provided significant amounts of
data on histopathological diagnoses and on important aspects of surgical and medical management of these patients.
The purpose is mainly quality control, but also as a resource for research.

Methods. Three Swedish healthcare regions, constituting 40% of the Swedish population, have had an almost complete
registration. The following parameters are registered: diagnosis according to SNOMED/WHO classification, symptoms,
performance status, pre- and postoperative radiology, tumor size and localization, extent of surgery and occurrence of
postoperative complications, postoperative treatment, such as radiotherapy and/or chemotherapy, other treatments, com-
plications and toxicity, occurrence of reoperation/s, participation in clinical trials, multidisciplinary conferences and
availability of a contact nurse.

Results. Surgical radicality has been essentially constant, whereas the use of early (within 72 hours) postoperative CT
and MRI has increased, especially for high-grade glioma, which is a reflection of quality of surgery. Survival of patients
with high-grade glioma has increased, especially in the age group 60—69. Patients aged 18-39 years had a five-year
survival of 40%. Waiting times for the pathological report has been slightly prolonged. Geographical differences do
exist for some of the variables.

Conclusion. Population-based registration is valuable for assessment of clinical management, which could have impact
on patient care. As a result of short survival and/or the propensity to affect cognitive functions this patient group has
considerable difficulties to make their voices heard in society. We therefore believe that a report like the present one
can contribute to the spread of knowledge and increase the awareness for this patient group among caregivers and
policy makers.

Primary tumors of the central nervous system (CNS)
account for approximately 1300 cases or 2.5% of all
diagnosed cancers each year in Sweden with a total
population of 9.6 million. Although a large number
of clinical trials have provided significant amounts of
data on how to treat brain tumors, these trials are
confined by varying degrees of selection bias and are
not necessarily representative of the entire patient
population. Neither should the risk for publication
bias be underestimated. Population-based registries

on primary CNS tumors, which provide systematic
and detailed data based on histopathological diagno-
ses, are currently under development in a number of
countries worldwide [1-6]. However, registries that
report data not only on CNS tumor subtypes, but
also on important aspects of the clinical management
of these tumors are much less common. Such regis-
tries, including the one described in the present
work, might serve as a reference and as a comple-
ment to data originating from clinical trials. The
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objective of this report is to give an overview of the
clinical data from a population-based registry with
data collected in Sweden between 1999 and 2012
and to suggest the possibilities of using such regis-
tries as quality control of clinical management and
as a resource for research.

Methods

In 1999 the Swedish Brain Tumor Registry (SBTR)
of adult patients with CNS tumors was initiated by
the interdisciplinary Swedish National Brain Tumor
Trialist Group [7-9].

Swedish health care is organized into six regions
that are all responsible for the care and registration
of patients diagnosed with tumors in the CNS. Addi-
tionally, all regions register their respective CNS
tumor patients to SBTR.

In Sweden it is compulsory to report every newly
detected cancer case to the National Cancer Registry
(NCR). As defined here, the registration rate is the
percentage of diagnoses in the SBTR that correspond
to diagnoses reported to NCR. High registration
compliance is a prerequisite when claiming that a
registry is truly population based, and three regions,
the Northern, the Uppsala, and the South-eastern
regions — which constitute 40% of the Swedish pop-
ulation — have had an almost complete registration
(98-100%), with a few exceptions, during the entire
period from 1999 to 2012.This high level of coverage
is the reason why the present report focuses on these
three regions. Over the last few years, the registration
compliance has increased for the remaining three
regions, and Sweden will soon achieve a registration
level allowing for a nationwide comparison of all
aspects of management and outcome for patients
with primary brain tumors.

Each patient-based dataset is monitored in a web-
based system mainly by oncologists, neurologists,
and sub-specialized neuro-oncology nurses. All
patients aged = 18 years with a diagnosis of a primary
CNS tumor are included, with the exception of CNS
lymphoma. All statistics based on date of diagnosis
refer to the date of the written and signed pathology
report.

Since 1999 the following parameters are included:
diagnosis according to the Systematized Nomencla-
ture of Medicine (SNOMED)/WHO classification
(Supplementary Table I, to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.957369), preoperative symptoms, WHO per-
formance status, which is a five-graded quantifica-
tion of patients’ general well-being and activities of
daily life, pre- and postoperative neuroradiological
investigations, tumor size (largest diameter <4 cm,
4-6 cm and >6 cm) and localization (left or right,

bilateral, central, skull-base, cerebellum or multifo-
cal) [3], extent of surgery (as judged by the surgeon
and/or by early postoperative radiology), and any
occurrence of possible postoperative complications
(infections and hematomas, thromboembolisms,
focal neurology or seizures).

The data were analyzed with the statistical soft-
ware package R version 2.15.2 (R Development Core
Team, R Foundation for Statistical Computing,
Vienna, Austria). The publication of the present
report was approved by the relevant ethical review
board.

Results
Data from the SBTR

For comparison and to put SBTR in an appropriate
context a number of figures on incidence and mortal-
ity from the Swedish Cancer Registry (SCR) and the
Nordic countries (NORDCAN) can be obtained
through Supplementary Figures 1-11 (to be found
online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2014.957369). Many of the reg-
istered parameters are mature enough to be included
in this report. Some data has only recently been
reported (since 2009), including participation in
clinical trials, toxicity, multidisciplinary conferences
and availability of a contact nurse and will soon be
described separately.

During the period 1999-2012, a total of 5939
diagnoses were registered in the SBTR from the
Northern, the Uppsala, and the South-eastern
regions. It is noteworthy that there are non-negligible
inter-regional differences in the distributions of
glioma subtypes (Supplementary Table II, to be
found online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2014.957369). As a com-
parison with regard to the distribution of glioma sub-
types, data from the Central Brain Tumor Registry
of the United States (CBTRUS) have been included
[3]. It should be noted that the data from CBTRUS
also include patients aged <20 years, which consti-
tutes 6.7 % of the entire US population. The CBTRUS
figures are comparable to those of the SBTR.

There are only small differences in the age distri-
butions of gliomas between the regions from 1999
to 2012, although some variation over time can be
seen. Interestingly, the percentage of patients aged
=70 years in the Northern region has increased
from 18% to 32% while the corresponding figures
for the other two regions show only slight increases.

Performance status is one of the most important
prognostic factors and is often a basis for inclusion/
exclusion criteria for enrollment into clinical trials.
Patients with a WHO performance status 3 and 4



are often excluded because of increased risk for
complications. In the SBTR, approximately 10% of
the registered patients fall into this category (Sup-
plementary Table III, to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.957369).

Diagnostics

Since patient registration began in 1999, computed
tomography (CT) has been the standard radiological
procedure for the initial investigation of a suspected
brain tumor. Since then, magnetic resonance imag-
ing (MRI) has been used as a complement when a
suspicion of a glioma is raised, but there were large
inter-regional differences in the use of MRI up to
2007. It was not until the most recent time period
that MRI became part of the standard diagnostic
procedure (Table I).

Surgery and postoperative radiology

Surgical radicality is an important quality measure
for most primary brain tumors. Radical resection in
this context is either the surgeons own judgment of
per operative radicality or based on radiology, the
latter being more sensitive, especially when MRI has
been used [10]. The data on high-grade and low-
grade gliomas show a slight increase during recent
years, while surgical radicality for meningiomas has
been essentially constant. A comparison between the
regions in terms of extent of resection for high-grade
glioma is shown (Supplementary Table IV, to
be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.957369). Postop-
erative radiology (within 72 hours after surgery) for
evaluation of surgical radicality with CT and/or MRI
has increased in glioma surgery, especially for high-
grade glioma (Figure 1). In the South-eastern region,
resection has been classified as radical twice as fre-
quent as in the other regions (Supplementary Table
IV to be found online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2014.957369).
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Postoperative MRI has been the routine in the
Northern region and the Uppsala region, while the
South-eastern region has only recently adopted early
postoperative imaging, and this might explain the
difference in surgical categorization.

Postoperative mortality

Approximately 5% of the patients succumb to the
disease within 30 days after surgical intervention, and
this share is consistent between the three regions.

Radiotherapy/oncological trearments

Data for postoperative therapy are still not optimal
in the different regions and this makes it difficult to
draw firm conclusions about the activity of oncolo-
gists and/or radiotherapists in initiating oncological
treatment. However, for those hospitals where data
have been reported, a clear majority of patients
diagnosed with high-grade glioma undergo full-dose
radiotherapy (2 Gy fractions up to a total of 60 Gy)
with or without concomitant chemotherapy, and
roughly one of 10 patients receive other schedules of
radiotherapy or medical treatments.

Waiting times

The median time between the radiological finding of
a suspected brain tumor and resection has been rela-
tively constant throughout the years at about 18-21
days, but the spread has been considerable. For high-
grade gliomas the time between surgery and the
pathological report has increased from a median of
five days in 1999 to eight days in 2012 with a large
spread (Supplementary Figure 12, to be found online
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.957369). For low-grade gliomas,
the corresponding waiting times were six days and 14
days, respectively. The time for start of oncological
treatment, most commonly radiotherapy with or
without chemotherapy, is added to this waiting time.
This issue is more important for high-grade gliomas.

Table I. Distribution of patients diagnosed with CT or MRI — high- and low-grade glioma 1999-2012 by

region.
1999-2003 2004-2007 2008-2012 Total
N (%) N (%) N (%) N (%)

CT

Northern 212 93) 209 (95) 229 (96) 650 (94)

Uppsala 483 (94) 435 (95) 522 (96) 1440 (95)

South-eastern 240 (87) 193 (89) 318 94) 751 90)
MRI

Northern 141 (62) 193 (87) 228 (96) 562 (82)

Uppsala 266 (52) 316 (70) 473 (88) 1055 (70)

South-eastern 77 (28) 96 (44) 278 (82) 451 (54)
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Figure 1. Percent of patients where radiology for evaluation (CT
and/or MRI) of surgical radicality has been performed if patient
was classified as radically or partially resected, by year of diagnosis.
High-and low-grade glioma. Data from the Northern, the Uppsala
and the South-eastern regions.

In fact, a fraction of the patients with high-grade
glioma are waiting longer than the recommended 4-6
weeks [11,12] and some wait for eight weeks or more
before initiation of oncological treatment (Figure 2).

Survival

The five-year survival of the different subgroups of
glioma from 1999 to 2012 is shown in Supplemen-
tary Figure 13 (to be found online at http://informa-
healthcare.com/doi/abs/10.3109/0284186X.2014.
957369). As expected, survival is inversely correlated
to tumor grade, and patients with tumors of oligo-
dendroglial origin have a more favorable outcome.
The impact of surgical extent is clearly illustrated
in Figure 3 in which radical surgery for high-grade
glioma is associated with a median survival of
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Figure 2. High-grade gliomas 2009-2012: Box-plot illustrating
waiting times from surgery to start of oncological treatment by
year of diagnosis. The box contains 50% of the waiting times, the
line in the box (and the number) is the median and the whiskers
contain 80% of the waiting times.
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Figure 3. Five year survival by radical surgery, non-radical surgery
or biopsy among patients with WHO performance status 0 —3,
1999-2012. High-grade glioma. Data from the Northern, the
Uppsala and the South-eastern regions.

14.4 months (95% CI 13.4-15.1 months). The cor-
responding figures for partial resections and biopsies
are 8.9 months (95% CI 8.4-9.6 months) and
5.0 months (95% CI 4.4-5.6 months), respectively.

Age is a well-known prognostic factor for high-
grade glioma. In the group aged 18-39 years, a five-
year survival of 40% was found compared to
approximately 10% in the age group of 40-59 years
and to only a few percent in those 60 years and older
(Figure 4). All age groups have shown increased
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Survival

Year of follow-up

Number of patients still at risk:

Age 18-39 138 113 75 58 44 41
Age 40-59 803 419 146 84 64 53
Age 60-69 793 285 80 39 19 7
Age 70- 622 103 26 12 7 6

Figure 4. Five year survival among high-grade glioma patients by
age of diagnosis 1999-2012. Data from the Northern, the Uppsala
and the South-eastern regions.



median survival since the registry began. The cohort
showing the largest improvement in survival is
patients aged 60-69 years. Median survival has
increased from 5.8 months (95% CI 5.1-7.5 months)
during 1999-2003 to 9.8 months (95% CI 8.5-11.7
months) during 2008-2012. The current results
are based on updated information compared to our
previous report [7].

WHO performance status is also a prognostic
factor among high-grade glioma patients where a
performance status of 0 or 1 predicts a median sur-
vival of approximately one year and a performance
status of 2—4 is associated with a median survival of
about 4-7 months. Among five-year survivors, there-
fore, patients with a performance status of 0 or 1 are
in the majority (Supplementary Figure 14, to be
found online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2014.957369).

Meningioma

The age distribution of meningiomas (and also
gliomas) for all three regions combined is shown
in Supplementary Figure 15 (to be found online at
http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.957369). The percentage of radical
resections exceeds 80% and this figure has been
essentially constant over time. A five-year survival of
approximately 90% is seen over time.

Discussion
Aims and limitations of the report

This report describes the population-based SBTR,
which was launched in 1999. Its primary objective is
quality control in the clinic. In the following, a selec-
tion of the data will be discussed. The purpose is not
to scrutinize or give explanations for each parameter,
and such analysis might well be a matter for further
research. Rather, our aim is to give an overview of
the SBTR and highlight a few relevant issues associ-
ated with primary CNS tumor patients and their
management in the context of the Swedish health-
care system. Variables, like reoperations, toxicity of
postoperative treatment, participation in clinical tri-
als, etc. will soon be presented to a larger extent
through an increasing registration compliance of the
one-year follow-up form.

There are some limitations to consider when
interpreting data from this registry. Changes in
results for a specific variable are, as well known, often
multifactorial and can be difficult to refine. Numer-
ical changes should therefore mainly be considered
as hypothesis generating rather than as issues of cau-
sality. Three of six regions (the Northern, the Upp-
sala and the South-eastern regions), constituting
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40% of the Swedish population, have had almost
complete registration compliance since the begin-
ning of the registration, and it could be argued that
the data are not truly representative of the entire
Swedish population for the whole period of 1999—
2012. However, as for the remaining regions (the
Stockholm, the Western and the Southern regions)
the obtained data are comparable with the regions
in the present report, regarding, e.g. histopathologi-
cal diagnoses and distribution of gliomateous sub-
groups. With these remarks in mind, it should be
mentioned that Sweden is a fairly homogeneous
country with regard to the healthcare system and to
ethnicity. The Stockholm, the Western and the South-
ern regions are gradually reaching the same registra-
tion activity. The main strength with a study based
on a population-based registry with near complete
registration compliance is that the risk for selection
bias is minimized. The need to carry out statistical
tests or to calculate confidence intervals to be able
to draw inferences on a complete population is also
of lessened importance.

Regional differences in glioma subrypes

The differences in glioma subtypes between the
included regions are illustrated in Supplementary
Table II to be found online at http://informahealth-
care.com/doi/abs/10.3109/0284186X.2014.957369
(1999-2012). These differences could partly be
explained by subjectivity in the judgment of the indi-
vidual pathologist, but also by a slight shift in the
diagnostic criteria during the registration period.
Another explanation could be differences in age dis-
tribution among diagnosed patients where the most
malignant subgroups are more common among
elderly patients. The proportion of patients aged = 60
years with high-grade glioma is similar in the three
regions. As for the Northern region, it has had a sig-
nificant increase in the percentage of glioblastoma
since the registry started in 1999. Although a real
increase in incidence in this specific region cannot
be excluded, factors such as inter-regional variations
in pathological review have to be further investigated.
This is, in fact, an ongoing project among neuro-
pathologists in Sweden that was initiated based on
the findings in the registry.

Performance status

There are some inter-regional variations in perfor-
mance status among patients with high-grade and
low-grade glioma (Supplementary Table III to be
found online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2014.957369). However, it
seems reasonable to assume that there is a certain
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inter- and intra-observer variation in the judgment
of performance status. By experience, the variability
in performance status should not exceed 1 point on
the five-point scale (0—4). Another reason for these
variations could possibly be a difference in neurosur-
gical activity between regions regarding the most
fragile patient group. The percentage of patients with
different performance status subject to surgery dif-
fers between the regions (Supplementary Table III
to be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.957369), and this
could influence treatment activities for the most frag-
ile patient population. For example, the proportion
of patients with a performance status of 3 or 4 in the
South-eastern region is only half of that in the North-
ern region. Hopefully, these figures can serve as a
basis for discussion among caregivers when selecting
patients for different treatment regimens.

Surgery and radiology

Surgery is an important treatment modality for the
majority of primary CNS tumors. It also provides
the diagnosis that decides the further management
of the patient. Therefore, a key issue in a primary
CNS tumor registry should highlight aspects of sur-
gery, such as the age distribution of operated patients,
radicality, the quality of surgery including the occur-
rence of postoperative complications. In addition,
waiting times between the radiological work up and
surgery should also be included. However, there are
a number of caveats concerning the validity of
aspects of surgical quality when comparing the dif-
ferent regions and time periods. Radicality can be
defined macroscopically and/or by postoperative
imaging. By experience, radiological radicality is
often more sensitive than the peroperative judgment,
and postoperative MRI (within 72 hours) is more
sensitive than postoperative CT. The increased use
of MRI is encouraging because of its higher sensitiv-
ity for brain tumor diagnostics [10]. Postoperative
MRI has been the routine in the Northern region
and the Uppsala region, while the South-eastern
region has only recently adopted early postoperative
imaging, and this might explain the difference in
surgical categorization.

A somewhat unexpected decrease in the use of
postoperative radiology, especially of low-grade glioma,
during the 2008-2010 period is evident (Figure 1).
The reason for this is presently investigated.

An observation is that radical surgery seems to
correlate with an increased survival among high-
grade glioma patients (Figure 3). The difference in
survival between patients undergoing ‘radical’ sur-
gery in comparison with patients treated with partial
resection is not easy to explain by selection bias only.

These two groups are probably of a comparable per-
formance status because surgical resections are in
most cases intended to be as radical as safely possi-
ble. The proportion of radical resections versus par-
tial resections have been of the same magnitude
among patients aged 18-64 years, but surgeons oper-
ating on patients aged = 65 years are more prone to
perform a biopsy.

It should be emphasized that postoperative radiol-
ogy, i.e. CT or MRI within 72 hours after surgery, is
not only a quality control of the surgical intervention
[13] but can also serve as a baseline evaluation for
postoperative therapy and as guidance for target def-
inition for radiotherapy. In addition, the possibility
that a postoperative examination can reveal residual
tumors, which might be the target of complementary
surgery, should be considered. Thus, there are several
reasons to perform an early postoperative examina-
tion, and this should probably be with MRI because
of its higher diagnostic sensitivity.

Postoperative complications and mortality

Postoperative complications are either directly related
to surgery, e.g. postoperative hematomas and/or isch-
emia and wound infections, or are indirectly associ-
ated, including complications, such as thrombosis
and infections from other origins. Although the mor-
tality rate of 5% within 30 days after tumor surgery
should be interpreted with caution, it is important in
the quality control of the care of brain tumor patients.
Complications could possibly be minimized by the
development of surgical techniques and educational
measures.

Radiotherapy and oncological treatments

Even though the registration compliance has not
been complete regarding follow up (range 64-97%
for the years 2009-2012), it is reasonable to con-
clude that a clear majority of high-grade glioma
patients receive postoperative oncological treatment
with radiotherapy and/or chemotherapy. Here is
included a fraction of patients, roughly 10%, who
receive other treatment regimens, such as hypofrac-
tionated radiotherapy or single agent chemotherapy.

Waiting times

An important objective in patient care is to have
short waiting times for surgery.

There are reasons for concern when studying this
for high-grade gliomas. These tumors are among the
most rapidly growing neoplasms, and this empha-
sizes the necessity for measures to minimize these
times. Nevertheless, the waiting time between the



radiological diagnosis and surgery for high-grade
glioma has been fairly constant (presently almost 3
weeks). Another quality aspect is the waiting time
between resection and the pathological report, which
is the foundation for the choice of postoperative
management. This time has increased somewhat
(Supplementary Figure 12 to be found online
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.957369) (presently approximately
1 week). The psychosocial aspect of the individual
patient having to wait several weeks for diagnosis is
of importance. There is no strict consensus as to the
recommended time interval between surgery and the
start of radiotherapy and/or chemotherapy. Waiting
times between two and six weeks are in accordance
with opinions from the literature, and there is no
evidence justifying a longer waiting time [11,12].
Even here it is noteworthy that one of the regions
exceeds this time, and some patients have to wait
even more than 60 days (Figure 2). A possible expla-
nation for these variations can be contraindications
for earlier treatment start, but other reasons are pres-
ently being investigated.

Survival

Survival has increased since the start of the registry
in 1999 for all age groups diagnosed with a high-
grade glioma, and especially among patients aged
60—69 years. One reason could be an increase in sur-
gical radicality. However, this issue is not confirmed
by registry data. A more plausible explanation is the
increased use of early postoperative imaging in recent
years (Figure 1). This means that a fraction of cases
that might have previously been classified peropera-
tively as radical could today, because of more sensi-
tive postoperative imaging techniques, be classified
instead as partial resections. An increased active atti-
tude among neurosurgeons is supported by improve-
ments in microsurgical techniques [13,14]. As for
meningioma the slight decrease of survival is prob-
ably due to stage migration, i.e. a shift in surgical
indication towards more advanced cases. Of note, the
meningioma cases in this report consist of a selected
population of operated meningiomas. In other words,
this only includes cases where a morphological diag-
nosis was available, and patients with a diagnosis
based on radiology alone are not included. A more
active surgical approach could possibly imply that
patients operated even with subtotal resections might
benefit from treatment. Obviously, the higher risk for
complications should be considered.

Another more accepted explanation for improved
survival among high-grade glioma patients is the use
of concomitant radiochemotherapy, which was intro-
duced in 2005 [15].

Brain tumor: Population-based registry 383
PROM and PREM

Much effort is presently being put into the develop-
ment of patient-reported outcome measures (PROM)
and patient-reported experience measures (PREM).
A spread opinion is that these are probably more
sensitive than conventional methods in assessing
improvements in medical care and will likely con-
tribute significantly to the evaluation of the effects
of new treatment strategies and new surgical
approaches. They could also act as instruments to
evaluate changes in other quality measures, such as
waiting times, rehabilitation, and palliative care.
These parameters are now underway to be included
in the SBTR.

International collaboration

International collaboration within the medical pro-
fession in order to reach consensus in diagnosing and
managing patients is of utmost importance, and this
can be facilitated by the development of population-
based registries worldwide. Such registries are useful
resources for researchers, neuropathologists, clini-
cians, and patient families to achieve a higher imple-
mentation of quality measures in the daily care of
patients suffering from CNS tumors [3].

Conclusion

Primary brain tumors, especially high-grade gliomas,
but also in many respects other CNS tumors, are
among the most devastating diseases in oncology. As
a result of rapid disease progression that results in
short survival times and/or reduced cognitive func-
tions [16], this patient group has considerable diffi-
culties in making their voices heard in society. We
believe that a registry like the present one, apart from
being a basis for future improvements in patient care,
can also contribute to the dissemination of knowl-
edge and increase the awareness for this patient
group in society and among policy makers.

Declaration of interest: RH, MB and TA are
members of the Swedish National Brain Tumor Tri-

alist Group and clinical investigators in collaboration
with Roche.
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