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Abstract

Background. We assessed population-level changes in glioblastoma survival between 2000 and 2013 in Finland,
with focus on elderly patients (>70 y) in order to assess if changes in treatment of glioblastoma are reflected also
in population-based survival rates.

Methods. We identified all patients (age >18 y) from the Finnish Cancer Registry (FCR) with a histopathological
diagnosis of primary glioblastoma in 2000-2013. Patients were followed up until December 2015. The accuracy of
register-based search of glioblastoma patients was internally validated. We report age-standardized relative sur-
vival ratios and relative excess risks (RERs) of death in 2000-2006 (pre-period) and 2007-2013 (post-period).
Results. We identified 2045 glioblastoma patients from the FCR. The accuracy of the FCR-based search was 97%.
Median age was 63.3 years, and 42% were women. Incidence increased on average by 1.6% (P= 0.004) and median
age by 0.4 years per calendar year. Between the pre- and post-periods, the proportion of patients >70 years
increased from 24% to 27%. In >70-year-old patients, the median survival time increased from 3.6 months in
2000-2006 to 4.5 months in 2007-2013 (RER 0.82, 95% CI: 0.68-0.98). In <70-year-old patients, the median survival
time increased from 9.3 months in 2000-2006 to 11.7 months in 2007-2013 (RER 0.74, 95% Cl: 0.67-0.82).
Conclusion. Despite the increased proportion of elderly glioblastoma patients, population-level survival of glio-
blastoma patients has improved since the year 2000. However, increasing incidence, increasing age of patients,
and poor survival in elderly are alarming, and future studies should perhaps focus more on elderly.

Key Points

Glioblastoma, classified by the World Health Organization  cancer than glioblastoma (5-y mortality rate of 97%).% Since
(WHO) as a grade IV glioma, is the most prevalent type the European Organisation for Research and Treatment
of newly diagnosed primary malignant brain tumor in  of Cancer Brain Tumor and Radiotherapy Groups and the
adults."™ To date, no curative treatment exists for these  National Cancer Institute of Canada (EORTC-NCIC) trial
rapidly progressing tumors and there is no deadlier form of  published in 2005 (conducted in 2000-2002),6 standard
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Importance of the Study

Following the European Organisation for Research and
Treatment of Cancer Brain Tumor and Radiotherapy
Groups and the National Cancer Institute of Canada
(EORTC-NCIC) trial in 2005, the standard of care for
patients with glioblastoma has consisted of tumor
resection followed by radiotherapy and temozolomide.
In this study, we estimated population-level survival
changes following the EORTC-NCIC trial. We found
that patients diagnosed with glioblastoma after the
EORTC-NCIC trial had a 24% lower relative risk of death
compared with patients diagnosed before the trial.
The relative risk of death decreased more in glioblast-
oma patients <70 years compared with glioblastoma
patients >70 years (26% vs 18%). Furthermore, median

treatment consists of surgical tumor resection followed
by concomitant radiotherapy and temozolomide (chemo-
radiation). In more detail, the EORTC-NCIC trial® showed
that by adding temozolomide to radiotherapy, the median
survival improved from 12.1 months to 14.6 months in
glioblastoma patients between 18 and 70 years. In 2017,
another trial (conducted in 2007-2013) showed that in glio-
blastoma patients >65 years old, chemoradiation increased
median survival time from 7.6 months to 9.3 months.” Still,
controversy exists whether elderly (>70 y) glioblastoma
patients benefit from the more aggressive treatment.?

Nationwide results on cancer survival are among key
indicators in assessing health care system effectiveness of
care and management of cancer patients.>®Yet, nationwide
epidemiological studies assessing the impact of these
changes in treatment policies of glioblastoma reflected by
survival are scarce. Finland has a government-subsidized
social welfare and health care system, where socioeco-
nomic factors and health inequalities are less likely to affect
cancer treatments and treatment outcomes, which are
shown to be among the best in the world.® Since a nation-
wide cancer registry can be used to reliably estimate the
population-level changes, including treatment changes,
the primary aim of our register-based study was to explore
if nationwide glioblastoma incidence and survival rates
have changed after the EORTC-NCIC trial,® with focus on
elderly (>70 y) glioblastoma patients. We hypothesized that
population-level glioblastoma survival has improved since
standardization of chemotherapy.®

Materials and Methods
Ethical Considerations

According to Finnish law, individual-level data with identifi-
ers from the Finnish Cancer Registry (FCR) can only be used
for scientific research with approval from authorities or for
statistics. The FCR follows strict regulations to ensure abso-
lute confidentiality and protection of the individuals. The
data processing procedures were evaluated and approved
by Helsinki University Hospital's research committee
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survival time increased only by 0.9 months in glioblast-
oma patients >70 years compared with 2.4 months in
glioblastoma patients <70 years. We also found that the
median age and incidence of glioblastoma, especially
among the elderly, steadily increased. This study pro-
vides nationwide evidence showing that survival rates
among glioblastoma patients have improved following
the recent randomized controlled trial. Still, poor over-
all population-level survival in elderly glioblastoma
patients raises concerns whether current treatment
strategies for elderly patients are optimal. Given the
rapidly aging population in many industrialized coun-
tries, studies focusing on elderly glioblastoma patients
are urgently needed.

(HUS/356/2017 §107) and the National Institute for Health
and Welfare (THL/1009/6.02.00/2018). We conducted the
study according to the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) guide-
lines (Electronic Supplementary Material 1).

Finnish Health Care System

Finland’s health care system offers equal and low-cost pub-
lic health care for all citizens, also for those with or without
income or insurance. For example, in 2017, the daily hospital
fee for short-term institutional care in Helsinki University
Hospital, one of the largest hospital organizations in indus-
trialized countries, was €38.80.This out-of-pocket fee covers
the whole treatment from all types of surgeries to intensive
care stay, as medical care costs are tax-funded and paid
by the municipality the patient lives in. The most special-
ized and high-level medical care is provided by 5 public and
nonprofit university hospitals; for example, all intracranial
neurosurgical operations, including brain tumor surgeries,
are performed exclusively in these 5 university hospitals.
In the Finnish health care payment model, employees in
academic hospitals do not have, for example, procedure or
capitation-based financial incentives.

Finnish Cancer Registry

The FCR is a nonprofit institute for statistical and epidemio-
logical cancer research in Finland funded by the Cancer
Society of Finland and the National Institute for Health
and Welfare (THL, Terveyden ja Hyvinvoinnin Laitos). The
FCR maintains a nationwide database covering all incident
cancers since 1953. It covers 95% of all solid tumors.”® As
mandated by law, health care organizations are required to
report cancer cases to the FCR, which collects demographic,
diagnostic, and treatment data on patients’ diagnoses and/
or treatments in Finland. Accordingly, laboratories of path-
ology, cytology, and hematology send respective clinical
(diagnostic) notifications (passive registration). Statistics
Finland, which has archived all Finnish death certificates
from 1936 onward, provides causes of death of individuals
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registered in the FCR. In addition, cases where the diag-
nosis of cancer is based solely on the death certificate will
be received (death certificate only [DCO] cases). Coding of
cancer cases is done by specifically qualified cancer coders
and supervised by the FCR physician (pathologist). Since
2007, the FCR has used the International Classification of
Diseases for Oncology Third Edition (ICD-O-3) nomencla-
ture for cancer topography (primary site of cancer) and
morphology (histological type). Older code combinations
have been systematically converted into the ICD-O-3. For
malignant gliomas, the conversion (ICD-O-3 nomencla-
ture) is available from 2000 onward.

Identification of Glioblastoma Patients from the
Finnish Cancer Registry

All patients (=18 y of age) with primary glioblastoma were
identified through the FCR. Using the topography codes
(ICD-0-3) “C71.0-C71.9” and morphology code “9440"
(glioblastoma), we identified persons with a histopatho-
logical diagnosis of first primary glioblastoma obtained
through either biopsy or resection. We excluded morph-
ology codes “9441" (giant cell glioblastoma, N = 25) and
“9442" (gliofibroma/gliosarcoma, N =58), as we presumed
that including these rare malignancies might decrease, not
increase, external validity (generalizability). Secondary or
recurrent glioblastomas (ie, prior diagnosis of glioma or
glioblastoma reoperation) were also excluded. As histo-
pathological diagnosis was an inclusion criterion, we did
not include DCO cases.

Identification of Glioblastoma Patients from the
Hospital Registry and Treatment Strategies

In order to evaluate the internal validity of the FCR in glio-
blastoma identification, all patients operated on in 2 sep-
arate years (2005 and 2010) at Helsinki University Hospital
were identified through a prospective surgical log book,
which includes every neurosurgical patient operated on in
the Department of Neurosurgery (which covers more than
one-third of all glioblastoma patients in Finland). We then
compared the number of glioblastoma patients identified
through the FCR with the number of operated glioblast-
oma patients identified through the hospital registries. We
further scrutinized electronic health record (EHR) data of
these patients treated in 2005 and 2010 and collected data
regarding type of surgery performed (resection or biopsy),
and whether the patient received adjuvant chemotherapy
including temozolomide.

Survival and Follow-up

Patients were followed up from the date of histopatho-
logical diagnosis until death, emigration, or the end of
2015. Due to the nationwide and obligatory registries
including unique personal identifiers, follow-up was com-
plete. Since the randomized trial results were published in
2005,% a one-year transition period was taken into account,
and therefore 2 time periods, namely 2000-2006 and 2007-
2013, were used in the comparative analyses.

Statistical Analysis

We calculated age-standardized glioblastoma incidence
per 100000 inhabitants using the European Standard
Population 2013 (ESP2013). Incidence rates are also
reported by age groups (five-year groups from 25-29 to
80-84, and >85 y).The relative annual change in age-stand-
ardized incidence rate was estimated by using the Poisson
regression. The Davies’ test was used as a significance test
to detect a change in the incidence trend."

To estimate the accuracy of the FCR, we considered
the hospital registry as the gold standard, and report the
accuracy of the FCR-based search on persons with glio-
blastoma as percentage of cases found in FCR divided by
cases found in the hospital registry.

We calculated age-standardized relative survival by
using the Ederer Il method.'?"® It summarizes patients’
excess risk of death due to the cancer by comparing the
survival of patients with that of their reference population
(the population of Finland stratified by sex, age, and calen-
dar year). In the age standardization, the age group specific
numbers of patients diagnosed in 2000-2013 were used
as weights based on 6 groups (18-40, 41-50, 51-60, 61-70,
71-80, and 81 y and older at diagnosis). To compare differ-
ences in relative survival between 2000-2006 and 2007-
2013, we estimated relative excess risk (RER) of death by
using the Poisson regression model for relative survival.™
In age group specific analyses, the model included 7 inter-
vals of follow-up time since diagnosis (0 to <2 mo, 2 to <6
mo, 6 to <12 mo, 12 to <18 mo, 18 to <24 mo, 2to <3y, 3 to
<5 y) and the period of diagnosis. In analyses combining
more than one age group, age at diagnosis (the same age
groups as above) and interaction between follow-up time
and age were also included in the model to allow for non-
proportional excess risk of death by age.The first 5 years of
follow-up were considered and longer survival times were
censored at 5 years. An estimate of RER under 1 indicates
that the excess risk of death among patients diagnosed in
the 2007-2013 era was lower than that in the 2000-2006
era and vice versa. Subgroup-specific analysis was done
by sex, age groups, and separately for patients >70 years.
We also report median survival times. P-values for the dif-
ferences in excess mortality between the two time peri-
ods were based on the likelihood-ratio test, which was
adjusted for multiple comparisons by using the method
of Benjamini and Hochberg." The adjustment was done
for interactions between age and time period, and for the
main effects of age and sex.

Results
Glioblastoma Incidence and Age at Diagnosis

Between 2000 and 2013, a total of 2045 persons with a
histopathological diagnosis of primary glioblastoma were
recorded in the FCR. The median age at diagnosis was
63.3 years, and 42% were women (Table 1). The average
increase in patient median age was 0.4 years per calendar
year.The proportion of elderly (>70 y) increased from 23.6%
in 2000-2006 to 26.7% in 2007-2013. The ESP2013 stand-
ardized mean incidence of glioblastoma during the study



Table1 Patient characteristics in 2000-2006 and 20072013
Variable All Patients 2000-2006 2007-2013
N = 2045 N =893 N=1152

Age, y, median 63.3 61.4 64.3

Age, y, mean 62.8 61.7 63.6
18-40 83 (4%) 42 (5%) 41 (4%)
41-50 220 (11%) 115 (13%) 105 (9%)
51-60 566 (28%) 280 (31%) 286 (26%)
61-70 657 (32%) 245 (27%) 412 (36%)
71-80 427 (21%) 173 (20%) 254 (22%)
>80 92 (4%) 38 (4%) 54 (5%)

Sex
Men 1191 (58%) 524 (59%) 667 (58%)
Women 854 (42%) 369 (41%) 485 (42%)

Categorical variables shown as numbers with percentages.
Data from the Finnish Cancer Registry.

period was 2.9 per 100000 person-years. The age-stand-
ardized incidence of glioblastoma increased on average by
1.6% (95% Cl: 0.5% to 2.7%) per calendar year (P = 0.004).
The relative annual increase was 1.4% (95% CIl 0.0% to 2.8%,
P=0.056) in men and 1.9% (95% CI 0.2% to 3.6%, P=0.028)
in women (Fig. 1). This increase was unchanged during
the study period (P = 0.640). The incidence of glioblastoma
increased sharply with age, being the highest among 65 to
79 year olds (Electronic Supplementary Material 2).

Accuracy of Glioblastoma Patient Identification

Of all 2045 glioblastoma patients included in the study,
761 patients (37%) were operated in Helsinki. The FCR-
based search identified 113 persons who were diagnosed
with primary glioblastoma in 2005 and 2010 in the Helsinki
University Hospital catchment area. The search, which was
based on Helsinki University hospital registries and EHR,
identified 116 glioblastoma patients operated on in the
same years. Therefore, the accuracy of FCR-based search
was 97% in identifying operated (burr-hole biopsy or crani-
otomy) glioblastoma patients.

Survival and Excess Risk of Death by Period
and Age

Age-standardized cumulative relative survival ratios are
shown inTable 2 and Fig. 2. In 2000-2006, 1-year survival
rate was 31%, 3-year survival rate was 5%, and 5-year sur-
vival rate was 2%. In 2007-2013, the 1-year survival rate
increased to 41%, 3-year survival rate increased to 8%, and
5-year survival rate increased to 3%. Even though 1-year
survival increased in all age groups from 2000-2006 to
2007-2013, 3-year and b5-year survival remained poor,
particularly in people older than 60 years (Table 2). When
comparing <70 and >70-year-old patients, 1-year survival
for patients <70 years was approximately 3 times higher
than in elderly. Three-year and 5-year survival remained
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overly poor in elderly patients. In fact, of elderly patients
with diagnoses in 2007-2013, only 3% and 1% survived 3
and 5 years, respectively.

Cumulative relative survival rates for patients <70
and >70 years are shown in Table 3 and Electronic
Supplementary Material 3. In 2000-2006, median survival
time for patients <70 years was 9.3 months compared with
11.7 months in 2007-2013. In men <70 years, median sur-
vival time increased from 9.8 months to 11.8 months; in
women <70 years, median survival time increased from
8.9 months to 11.7 months. For patients >70 years, median
survival time was 3.6 months in 2000-2006 compared with
4.5 months in 2007-2013. In men >70 years, median sur-
vival time increased from 3.6 months to 4.8 months; in
women >70 years, median survival time increased from
3.7 months to 4.2 months.

RERs of death by sex and age group are shown inTable 2.
Patients diagnosed in 2007-2013 had a smaller relative
excess risk of death (RER 0.76, 95% CI: 0.69-0.83, P<0.001) as
compared with patients diagnosed in 2000-2006.This reduc-
tion in RER of death between periods was evident for both
patients <70 years (RER 0.74, 95% CI: 0.67-0.82, P < 0.001)
and >70 years of age (RER 0.82, 95% CI: 0.68-0.98, P=0.032).
We found no evidence of the difference in the reduction of
excess mortality from 2000-2006 to 2007-2013 between the
age groups in men (adjusted P=0.670) or in women (adjusted
P = 0.073). When analyzed by sex, RER of death decreased
significantly for men and women <70 years. Among patients
>70 years, the decrease was significant in men only. The
decrease was the largest in <70-year-old women (RER 0.64,
0.54-0.76), and significantly larger (P = 0.048) than that in
older women (RER 0.88, 0.68-1.15). In an age group specific
analysis, RER of death decreased significantly in patients
aged 41-50 years (RER 0.70), 51-60 years (RER 0.70), and
61-70 years (RER 0.78) (Fig. 3).

Treatment Strategies in 2005 and 2010

Year 2005. Forty-eight glioblastoma patients were operated
on in Helsinki University Hospital. Of these, 16 patients
(33%) were >70 years. Of these 16 patients, 11 (69%) under-
went craniotomy and tumor resection, and 5 (31%) under-
went stereotactic tumor biopsy. Only 2 elderly patients
(13%) received adjuvant chemoradiation including temo-
zolomide. Of the 32 <70-year-old patients, 30 (94%) under-
went craniotomy and tumor resection, and only 2 (6%)
underwent stereotactic tumor biopsy. Of these 32 patients,
18 (56%) received adjuvant chemoradiation including
temozolomide.

Year 2010. Of the 68 operated glioblastoma patients in
Helsinki, 18 (26%) were >70 years. Of these 18 patients, 17
(94%) underwent craniotomy and tumor resection, and 1
patient (6%) underwent stereotactic tumor biopsy. Data on
adjuvant radiation and chemotherapy of one elderly patient
was missing. Six elderly patients (33%) received adjuvant
chemoradiation including temozolomide. Of the 12 elderly
patients who did not receive temozolomide, 4 (33%) were
treated with whole brain radiotherapy. Chemotherapy in the
elderly was omitted mainly due to fast progression or poor
overall condition following surgery. Of the 50 <70-year-
old patients, 46 (92%) received adjuvant chemoradiation
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Fig. 1 Age-standardized (the European Standardized Population in 2013) incidence of glioblastoma (per 100000 person-years) in Finland in
2000-2013 with 95% confidence intervals. To the left, the incidence for men and women and to the right the incidence for men and women
separately. Data from the Finnish Cancer Registry.

Table 2 Relative excess risk (RER) of death between 2007-2013 and 2000-2006, and relative survival ratios (with 95% Cls) at 1, 3, and 5 years after
diagnosis by age, sex, and diagnosis period

Outcome RER One-Year Survival (%) Three-Year Survival (%) Five-Year Survival (%)

Time 2007-13vs  Adjusted 2000-2006  2007-2013  2000-2006  2007-2013  2000-2006  2007-2013

Period 2000-06 P-value

All patients 0.76 (0.69-0.83) <0.001 31 (28-34) 41 (38-43) 5 (3-6) 8 (6-9) 2 (1-3) 3(2-4)
<70y 0.74 (0.67-0.82) <0.001 39 (35-42) 49 (46-53) 6 (4-8) 9(7-12) 3(2-4) 4 (2-6)
>70y 0.82 (0.68-0.98) 0.053 8 (5-13) 16 (12-20) 1(0-4) 3(1-5) 1(0-3) 1(0-3)

Age groups
18-40y 0.92 (0.57-1.48) 0.735 64 (48-77) 68 (52-80) 24 (12-37) 22 (11-36) 12 (4-24) 15 (6-29)
41-50y 0.70 (0.53-0.92) 0.021 49 (39-58) 70 (60-78) 1 (6-17) 16 (10-24) 4(2-9) 6(2-12)
51-60 y 0.70 (0.59-0.83) <0.001 40 (35-46) 53 (47-58) 3(2-6) 8 (5-12) 1(1-4) 3(2-6)
61-70y 0.78 (0.66-0.92) 0.007 31(25-37) 37 (32-42) 4(2-7) 7 (4-10) 2(1-4) 2(1-5)
71-80y 0.83(0.68-1.01) 0.092 10 (6-15) 18 (14-23) 1 (0-5) 3(1-6) 1(0-4) 1(0-3)
>80y 0.78 (0.51-1.20) 0.335 3(0-13) 4(1-12) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

Sex and age

Men 0.79 (0.70-0.89) <0.001 34 (31-38) 42 (38-45) 5(3-7) 7 (5-9) 3(1-4) 2 (1-5)
<70 0.80 (0.70-0.92) 0.004 43 (38-47) 49 (45-54) 6 (4-9) 8 (6-11) 3 (2-5) 2 (1-4)
>70 0.75 (0.58-0.97) 0.048 6(3-12) 16 (11-23) 1 (0-5) 3(1-7) 1 (0-5) 1 (0-5)

Women 0.71 (0.61-0.82) <0.001 26 (22-31) 39 (35-43) 4 (2-6) 9(6-12) 1(1-3) 4 (2-6)
<70 0.64 (0.54-0.76) <0.001 33(27-38) 49 (43-54) 5(3-8) 12 (8-15) 2(1-4) 5(3-9)
>70 0.88 (0.68-1.15) 0.400 11 (6-19) 16 (10-22) 1(0-7) 3(1-6) 0 (0-0) 0 (0-0)

Relative excessive risk of death (RER) for patients with diagnoses glioblastoma in 20072013 compared with diagnoses in 2000—-2006. RER less than 1
indicates that patients diagnosed in 2007-2013 had a lower excess risk of death compared with patients diagnosed in 2000-2006 and vice versa.
The estimates are age-standardized and can be compared between the two periods.

One-year, 3-year and 5-year survival rates are shown as percentages with 95% confidence intervals.

Adjusted P-values refer to P-values adjusted for multiple testing.

Data from the Finnish Cancer Registry.
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Table3 Median survival times (point estimate with 95% Cl) in months

Outcome Median SurvivalTime (95% Cl)

Time Period 2000-2006 2007-2013

All patients 75 (6.8-8.2) 9.6 (9.1-10.2)
<70 9.3 (8.6-10.1) 11.7 (11.0-12.5)
>70 3.6 (3.2-4.1) 4.5 (3.8-5.1)

Age group
18-40 17.0 (11.1-22.0) 19.7 (13.7-25.1)
41-50 11.8 (10.2-13.2) 17.3 (14.5-19.5)
51-60 9.9 (9.2-11.2) 12.4 (11.3-13.8)
61-70 6.7 (5.6-7.8) 9.3(8.3-9.9)
71-80 4.2 (3.6-5.2) 5.2 (4.5-5.8)
>80 2.0 (1.3-2.6) 2.3(1.4-3.1)

Sex and age

Men 8.1(71-8.9) 9.9 (9.2-10.8)
<70 9.8 (8.6-11.1) 11.8 (10.9-12.7)
>70 3.6 (3.1-4.3) 4.8 (3.8-5.5)

Women 6.7 (5.7-7.8) 9.2 (8.2-10.1)
<70 8.9 (7.8-9.8) 11.7 (10.3-13.3)
>70 3.7 (2.8-4.6) 4.2 (3.3-5.2)

The estimates are age-standardized and can be compared between

the two periods. Survival time shown in months.
Data from the Finnish Cancer Registry.

including temozolomide, and 44 patients (88%) underwent
craniotomy and tumor resection (6 patients [12%] under-
went stereotactic tumor biopsy only).

Discussion
Key Findings

In this nationwide study, we found that patients diagnosed
in 2007-2013 had a 24% lower RER of death compared
with patients diagnosed in 2000-2006. The RER of death

decreased more in patients 70 years or younger (26%) com-
pared with patients older than 70 years (18%). Median sur-
vival time increased by 2.4 months (from 9.3 to 11.7 mo) in
patients 70 years or younger but only by 0.9 months (from
3.6 to 4.5 mo) in patients older than 70 years. Furthermore,
the incidence of glioblastoma and median age of glio-
blastoma patients increased in time.

Comparison with Previous Studies

To estimate population-wide survival effects from con-
trolled trials, one should turn to population-based stud-
ies.>® One of the first large epidemiological glioblastoma
studies (before the EORTC-NCIC trial), including almost
17000 patients, came from the Surveillance, Epidemiology,
and End Results (SEER) database and showed no improve-
ment in survival rates for glioblastoma patients from the
1980s to 2001.' A more recent study from the SEER data-
base, including almost 7000 patients, showed that sur-
vival times for glioblastoma patients increased from
12 to 15 months between 2000-2001 and 2005-2006."
Another study from the SEER database, including almost
14000 patients, showed an improvement in median sur-
vival time from 8.1 months in 2000-2003 to 9.7 months in
2005-2008."8 Still, it should be noted that the SEER data-
base covers only 26% of the US population and that access
to neuro-oncological treatment is unequal and dependent,
for example, upon socioeconomic factors.™

A study from the nationwide Norwegian Cancer Registry
(covering the whole Norwegian population like the FCR
in Finland), including 1157 patients, showed that median
survival time increased from 8.3 months in 2000-2003
to 10.1 months in 2004-2007.2° Median survival time was
even higher among patients receiving adjuvant temo-
zolomide compared with radiotherapy alone (16.2 mo
vs 9.0 mo).2° A subgroup analysis showed that survival
improved in patients 70 years or older as well. However,
this subgroup analysis was compromised by the low num-
ber of patients, as only 22 out of 271 (8%) elderly patients
received adjuvant temozolomide chemoradiation. In the
present study, we could not assess the effect of temozo-
lomide on survival times for the whole population, as
the nationwide registries do not contain detailed data on
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Registry.

individual treatments. However, the median survival time
increased from 7.5 months in 2000-2006 to 9.6 months in
2007-2013 in Finland.These figures are in line with the pre-
vious population-based studies but are lower than results
from the Danish Neuro-Oncology Register (including 1364
histopathological confirmed glioblastoma patients from
2009 to 2014), which showed a median overall survival
time of 14.3 months for patients older than 70 years and a
median survival of 18.6 months for glioblastoma patients
between 18 and 59 years.?!

As expected, we found a relationship between age
and survival. For example, in 2007-2013, the 1-year sur-
vival rate in patients 70 years or younger was 49% but
only 16% in patients older than 70 years. The difference
in 1-year mortality was notable even in patients between
61-70 years and older than 70 years (37% vs 16%, respect-
ively, in 2007-2013). If comparing survival in patients
between 41-50 years and older than 70 years, survival dif-
ferences seem even more evident (1-year survival 70% vs
18% in 2007-2013). In two studies from the SEER database,
one reported a 1-year survival rate of 19% for glioblastoma
patients older than 70 years (study years 1999-2010)? and
a median survival time of 4 months (study years 1994-
2002).22These figures are in line with our results.

We found that the incidence of glioblastoma seems to
be increasing, especially among women. The finding is in
line with a report from the Central Brain Tumor Registry of
the United States and the SEER database.?'®The increase
in the incidence is probably linked to the higher life ex-
pectancy due to a reduction in cardiovascular deaths and
other forms of cancer deaths in Finland.>?* In the light of
increasing incidence and population aging, one question
is of increasing importance, namely how to optimally
treat elderly glioblastoma patients today and in future.
A French randomized controlled trial, showed that glio-
blastoma patients 70 years or older receiving adjuvant
radiotherapy (50 Gy) had a median survival of 6.8 months
compared with 3.9 months in patients receiving sup-
portive care only.?5 Importantly, there were no differences
in quality of life between patients receiving radiotherapy
compared with supportive care only, although almost
half of the increased survival time was spent receiving
the treatment.?> The NOA-08 trial showed no difference in

overall survival for glioblastoma patients 65 years or older
treated with adjuvant temozolomide compared with ad-
juvant conventional radiation therapy (60.0 Gy).26 On the
other hand, the Nordic trial showed that conventional
radiotherapy (60.0 Gy) was associated with poorer out-
comes in comparison to temozolomide monotherapy or
hypofractionated radiotherapy (34.0 Gy) in glioblastoma
patients >60 years.?” Further, a recently published ran-
domized controlled trial reported that glioblastoma
patients 65 years or older had a survival advantage after
receiving adjuvant radiotherapy (40.0 Gy) with concomi-
tant temozolomide compared with adjuvant radiotherapy
alone.” Despite the fact that the above-mentioned studies
were highly selected trials that excluded a number of po-
tential elderly patients, median survival times for elderly
were only 6.8 months,?® 9.6 months,?® 8.3 months,?® and
9.3 months.” In contrast to these trials, the nationwide
Norwegian Cancer Registry study reported that elderly
patients (older than 70 years) receiving adjuvant temozo-
lomide had an improved median survival time (13.4 mo).?°
In comparison, glioblastoma patients older than 70 years
not receiving any adjuvant therapy in the Norwegian study
had a median survival of 2.8 months.?° Still, as only 8% of
elderly patients received adjuvant temozolomide therapy,
this survival benefit is highly selected. In our nationwide
study, median survival time was 4.5 months (in 2007-2013)
for patients older than 70 years. In the Helsinki University
Hospital subgroup analysis, the median survival time of 6
out of 18 elderly (>70 years) patients who received temozo-
lomide was 13.2 months, and 2.5 months for patients who
underwent tumor resection but did not follow the temo-
zolomide protocol (results not shown). This suggests that
only a minority of elderly (>70 y) patients are pre and post-
operatively fit to tolerate and benefit from chemoradiation.
A recent population-based study supports this notion by
showing that less than half of all glioblastoma patients
complete the standard of care.? Taken together, future
studies should focus on defining the subpopulation of eld-
erly, who have the best likelihood of benefiting from tumor
resection and subsequent chemoradiation.

Brain tumor resection can be considered as major sur-
gery, particularly for elderly. The only randomized trial
looking at the role of tumor resection versus diagnostic



biopsy for glioblastoma patients 65 years or older showed
a survival benefit for resection compared with diagnostic
biopsy (5.7 mo vs 2.8 mo).%° In our subgroup analysis of
Helsinki University Hospital patients, we found that in the
years of 2005 and 2010, 82% of patients older than 70 years
underwent craniotomy and tumor resection. Similar
aggressive approaches have been reported elsewhere.?
On the other hand, some centers seem to have a more con-
servative approach. For example, at the Mayo Clinic during
2003-2008, only 50% of all glioblastoma patients 65 years
or older underwent tumor resection.?2 Further, a study
using the SEER database from 1994-2002 showed that 61%
of patients 65 years or older underwent tumor resection
surgery.?® Studies including comprehensive nationwide
data looking at the role of surgery in elderly glioblastoma
patients are lacking.

Following glioblastoma resection, temozolomide treat-
ment is undoubtedly an aggressive treatment approach
for elderly, who often have functional impairments already
prior to treatment. A study investigated the role of temo-
zolomide in elderly patients with lowered functional sta-
tus (the ANOCEF phase |l trial) in 2007-2009.32 In the trial,
glioblastoma patients 70 years or older with a Karnofsky
performance score <70 (need of assistance) receiving
adjuvant temozolomide had a median survival time of
5.8 months.®® Patient selection for adjuvant chemother-
apy and/or radiation therapy is essential, considering that
a notable number of elderly patients who receive chemo-
radiation, including temozolomide, experience signifi-
cant toxicity.673334 |n the internal validation of the Helsinki
University Hospital cohort in 2005 and 2010, the use of
temozolomide increased from 56% to 92% in patients
70 years or younger and from 13% to 33% in patients older
than 70 years.Thus, it is possible that the modest improve-
ment in survival for patients older than 70 years is due to
the increase of adjuvant temozolomide use. However, ben-
efits of temozolomide in elderly should be weighed against
treatment-related major side effects, modest increase in
survival time, amount of time spent in the hospital, and
the high costs.?® Furthermore, aggressively treating elderly
glioblastoma patients may shift the attention away from
end of life care, causing unnecessary suffering.3¢

Strengths and Limitations

Strengths of this study include that it was performed in
a country with a government-subsidized social welfare
and health care system where socioeconomic factors
and personal insurance status do not affect availability
and implementation of glioblastoma treatment. Thus, our
assessments of incidence of glioblastoma and popula-
tion-level mortality and survival of glioblastoma patients
provide a somewhat unbiased picture of the very recent
situation in Finland. Furthermore, we assessed the accur-
acy of FCR'™ in identifying glioblastoma cases, and the
accuracy was high. Combining nationwide cancer regis-
try and hospital information of glioblastoma treatment
provides unique possibility to evaluate implications of
changes in treatment policy. Some limitations should be
acknowledged. First, as the FCR does not contain detailed
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data regarding treatments, we are unable to directly com-
pare pattern of care between groups. Still, the nested
cohort analysis provides reliable data regarding treatment
standards from one hospital, which can be applied to the
other included hospitals as well. Second, the extent of glio-
blastoma resection is considered an important prognostic
factor.” Routine postoperative MRI studies after glioblast-
oma surgery were introduced in the middle of the study
period. Hence, it was not possible or statistically sound to
assess the role of surgery for all included patients. These
are, however, common limitations of large epidemio-
logical nationwide studies like this.Third, we only included
patients with a histopathological diagnosis of glioblast-
oma. Thus, patients dying due to glioblastoma before a
histopathological diagnosis could be obtained are not
included in the present study (ie, DCO cases that comprise
4.2% of recorded malignant CNS tumors in the FCRS8).
Accordingly, the reported survival rates are probably
slightly worse and incidence slightly higher than reported
here. Fourth, due to the observational nature of the study
(retrospective register-based cohort), we cannot establish
any causation between changes in treatment between peri-
ods and excess mortality.

In conclusion, in this nationwide study we found that the
incidences of glioblastoma and glioblastoma patient age
are increasing and that the overall survival of glioblast-
oma patients has improved from 2000-2006 to 2007-2013.
Survival improved only modestly in elderly glioblastoma
patients compared with younger patients, and poor overall
population-level survival in elderly glioblastoma patients
raises concerns whether current treatment strategies for
elderly patients are optimal. Given the rapidly aging popu-
lation in many industrialized countries, studies focusing on
elderly glioblastoma patients are urgently needed.
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Supplementary data are available at Neuro-Oncology
online.
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