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Abstract
Introduction  Glioblastoma multiforme (GBM) is a primary malignant brain tumour characterized by a very low long-term 
survival. The aim of this study was to analyse the distribution of treatment modalities and their effect on survival for GBM 
cases diagnosed in Germany between 1999 and 2014.
Methods  Cases were pooled from the German Cancer Registries with International Classification of Diseases for Oncology, 
third edition (ICD-O-3) codes for GBM or giant-cell GBM. Three periods, first (January 1999–December 2005), second 
(January 2006–December 2010) and a third period (January 2011–December 2014) were defined. Kaplan–Meier plots 
with long-rank test compared median overall survival (OS) between groups. Survival differences were assessed with Cox 
proportional-hazards models adjusted for available confounders.
Results  In total, 40,138 adult GBM cases were analysed, with a mean age at diagnosis 64.0 ± 12.4 years. GBM was more 
common in men (57.3%). The median OS was 10.0 (95% CI 9.0–10.0) months. There was an increase in 2-year survival, 
from 16.6% in the first to 19.3% in the third period. When stratified by age group, period and treatment modalities, there 
was an improved median OS after 2005 due to treatment advancements. Younger age, female sex, surgical resection, use of 
radiotherapy and chemotherapy, were independent factors associated with better survival.
Conclusion  The inclusion of temozolomide chemotherapy has considerably improved median OS in the older age groups 
but had a lesser effect in the younger age group of cases. The analysis showed survival improvements for each treatment 
option over time.
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Introduction

Glioblastoma, also known as glioblastoma multiforme 
(GBM), is the most common primary malignant brain 
tumour characterized by an infiltrative growth pattern and a 
low survival rate, with only 6.8% of patients surviving five 
years post-diagnosis according to the 2019 Central Brain 
Tumour Registry of the United States (CBTRUS) Statistical 

Report (Ostrom et al. 2019). The reported incidence rate 
worldwide varies between 0.59 (South Korea) (Lee et al. 
2010), 3.19 (USA) (Thakkar et al. 2014), 3.3 (France) (Fab-
bro-Peray et al. 2019), and 3.8 (Sweden) (Eriksson et al. 
2019) per 100,000 persons.

The ‘standard of care’ treatment for GBM is maximal safe 
surgical resection, followed by radiotherapy with concur-
rent and adjuvant temozolomide (TMZ) chemotherapy (Al-
Holou et al. 2020). The inclusion of TMZ chemotherapy in 
treatment guidelines was based on the results from a clinical 
trial by (Stupp et al. 2005). This landmark trial demonstrated 
that the addition of concomitant and adjuvant TMZ to radio-
therapy provided additional survival benefit to patients, with 
an increase in median overall survival (OS) of 14.6 months 
compared to 12.1 months in the radiation only arm. The 
addition of TMZ is considered a major contributor to sur-
vival improvement, from the median 6.9 months in those 
diagnosed during 1995–1996 to 10.3 months in the period 

 *	 Daniel Medenwald 
	 Daniel.Medenwald@uk-halle.de

1	 Institute for Medical Epidemiology, Biometrics 
and Informatics (IMEBI), Interdisciplinary Center for Health 
Sciences, Medical School of the Martin-Luther-University 
Halle-Wittenberg, Magdeburger Str. 8, 06112 Halle (Saale), 
Germany

2	 Department of Radiation Oncology, 
Martin-Luther-University, Halle (Saale), Germany

http://orcid.org/0000-0001-9595-3194
http://crossmark.crossref.org/dialog/?doi=10.1007/s00432-021-03596-5&domain=pdf


3382	 Journal of Cancer Research and Clinical Oncology (2021) 147:3381–3390

1 3

2010–2015, with 2-year survival peaking at 18%, shown by 
a Swedish single centre study (Eriksson et al. 2019). Several 
studies from the US compared survival rates in the periods 
pre- and post-TMZ approval, predominantly based on the 
Surveillance, Epidemiology and End Results (SEER) Pro-
gram database (Zhu et al. 2017; Johnson and O’Neill 2012; 
Darefsky et al. 2012), but also from the Veterans Health 
Administration (VHA) dataset (Dubrow et al. 2013). These 
studies confirmed that survival improvement for GBM 
patients overlapped with the addition of TMZ to standard 
therapy protocols. Several European studies reported simi-
lar findings (Fabbro-Peray et al. 2019; Eriksson et al. 2019; 
Scoccianti et al. 2010; Ronning et al. 2012; Hansen et al. 
2018). However, even with high compliance to therapy regi-
mens, cancer registry-based studies usually report shorter 
median OS than those shown by clinical trials.

The aim of this study was to evaluate the distribution of 
treatment modalities after GBM diagnosis, such as surgery, 
radiotherapy, and chemotherapy, encompassing 16 years 
(1999–2014) of data collection by the German Cancer Reg-
istries, and to analyse their effect on survival. We hypoth-
esized that there would be an improvement in survival due 
to technological advancements and more effective treatment 
options for GBM patients between the first and last period.

Methods

Study population

Data were provided by ‘The Centre for Cancer Registry 
Data’ at the Robert Koch Institute (RKI) (Kraywinkel et al. 
2014) that is tasked with annually merging cancer data from 
16 German federal states’ individual registries. This data 
can be freely requested for research purposes. The dataset 
contained the following variables: date of birth, date of 
diagnosis, date of death, sex, histology, grading, tumour 
localization, International Statistical Classification of Dis-
eases (ICD-10), International Classification of Diseases 
for Oncology, third edition (ICD-O-3) codes, federal-state 
residence and treatment modalities. Details on administered 
radiation doses or specific chemotherapy regimens were not 
available. We analysed only cases (n = 44,865) with ICD-
O-3 codes 9440 (glioblastoma, 98.9%) or 9441 (giant-cell 
glioblastoma, 1.1%), and excluded patients with other codes 
(GBM dataset).

Data quality was assessed by checking the proportion 
of death certificate only (DCO) or autopsy only cases. The 
recommendation from The European Cancer Registry-based 
Study on Survival and Care of Cancer Patients (EURO-
CARE-5 Study) is that registries should have below 13% 
DCO cases (Rossi et al. 2015). In the GBM dataset, the pro-
portion of DCO cases was 10.8%. The accuracy of the stated 

diagnosis is likely to be higher if it is based on histological 
examination (Bray and Parkin 2009). In the current dataset, 
diagnosis of GBM was histologically verified in 85.7% of 
cases. Furthermore, the dataset had no missing information 
on variables deemed important for the assessment of quality 
and completeness of registry data, such as age at diagnosis, 
sex and information on federal-state residence (Bray and 
Parkin 2009).

Cases were excluded if they were diagnosed by means 
of an autopsy or DCO (n = 4364), less than 18 years old 
(n = 358) or had missing information on survival status and 
exact date of death (n = 5). For cases that were recorded as 
deceased, but had missing exact date of death (n = 1003), a 
0.5 months follow-up time was added, assuming that they 
survived at least 15 days after diagnosis. The final analysed 
sample contained 40,138 cases.

Definition of periods and study outcome

Cases were divided into three groups according to the year 
of diagnosis. We defined the period between January 1999 
and December 2005 as the pre-TMZ chemotherapy era, Jan-
uary 2006–December 2010 as the period when TMZ chemo-
therapy became part of the standard therapy protocol (TMZ 
era), and the period between January 2011–December 2014 
as the modern era. Cases were censored at 31st December 
2014 (last possible date to be included in the GBM dataset) 
or after 30 months of follow-up, which ever came first.

The main study outcome was median OS. First, the 
median OS for all cases was calculated and then evaluated 
separately for the three defined time periods. Secondly, 
median OS of cases who received surgical treatment and 
radiotherapy was compared to patients who received all 
three treatment modalities, following similar categorization 
from two previous major clinical trials (Stupp et al. 2005; 
Perry et al. 2017). Thirdly, age-stratified analysis of median 
OS was performed for each period. Finally, we analysed 
overall distribution of each treatment modality.

Statistical analyses

Calculation of median OS was according to the 
Kaplan–Meier (KM) method. Survival probabilities were 
graphically presented with KM plots and subgroups were 
compared with the log-rank test. Cox proportional-hazards 
models were used to examine survival for each period by 
computing hazard ratios (HR) with 95% confidence inter-
vals (CI). Models were adjusted for age, sex, and each treat-
ment modality. Information on treatment was available as 
a dichotomous variable (surgery yes/no, radiotherapy yes/
no, chemotherapy yes/no). The significance of three interac-
tion terms (each treatment modality × time period) was also 
explored in the final model. No competing risk analysis was 
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performed as GBM has characteristic short duration of sur-
vival and to avoid bias from erroneous recording of cause of 
death. Sensitivity analysis was performed to determine the 
stability of the HRs when federal states with more than 30% 
missing information on treatment modalities were excluded. 
Logistic regression models were used to determine if age, 
sex and time period were predictors for missing informa-
tion on treatment. Additional information on the statistical 
analyses is included in the Online Supplemental Resource. 
All analyses were performed with SAS 9.4 (SAS Institute, 
Cary, NC, USA).

Results

Demographic characteristics

The GBM dataset contained a total of 40,138 adult cases, 
diagnosed between 1999 and 2014 (Table 1). During this 
period, 34,883 (86.9%) of patients died. The mean age at 
diagnosis was 64.0 ± 12.4 years (range 18–100), with a trend 
toward diagnosis at an older age for the third period. Most 
cases (60%) were between 60 and 79 years of age. A slight 
decrease in number of patients was observed for the age 
categories 18–49 and 60–69 years, while an increase was 
seen in the 70–79 and ≥ 80 age categories, when comparing 

the first and third period. Overall, the majority of patients 
were men (n = 23,003, 57.3%), with the sex ratio similar in 
all three periods.

Treatment patterns

Surgery and radiotherapy were the most common treatment 
modalities with 82.2% and 74.7%, respectively (Table 1). 
There was an increase in the use of chemotherapy over time, 
from 28.3% in the first period to 54.9% in the interim and 
60.0% in the third period. Among the cases in the dataset, 
the highest proportion with the absence of cancer-related 
therapy were in the age group 70–79 years (36.3%), with 
only 1.6% of those above 80 years receiving multimodal 
therapy. Use of multimodal therapy was more common for 
men and younger age groups. As expected, median follow-
up was shortest in the absence of cancer-related treatment 
group (3 months) compared to the multimodal treatment 
group, which had the longest follow-up time (14 months) 
(Table 2).

Median OS

The median OS was 10.0 (95% CI 9.0–10.0) months 
(Table 1). The 2-year OS was 19.1%, with a slight increase 
over time, from 16.6% in the first period, to 20.6% and 

Table 1   Demographic and clinical characteristics of GBM cases

OS – overall survival, SD – standard deviation, IQR – interquartile range, CI – confidence interval
a The first number is the cases that got the treatment modality (coded as yes), while the second number is the total number of cases with non-
missing data for this variable

Characteristics Total
(n = 40,138)

Period 1999–2005
(n = 10,932, 27.2%)

Period 2006–2010
(n = 14,836, 37%)

Period 2011–2014
(n = 14,370, 35.8%)

Age, years ± SD 64.0 ± 12.4 62.4 ± 12.3 64.1 ± 12.3 65.1 ± 12.4
Age categories
 18–49, n (%) 5455 (13.6) 1739 (15.9) 1995 (13.4) 1721 (12.0)
 50–59, n (%) 7867 (19.6) 2155 (19.7) 2899 (19.5) 2813 (19.6)
 60–69, n (%) 12,396 (30.9) 3922 (35.9) 4607 (31.1) 3867 (26.9)
 70–79, n (%) 11,494 (28.6) 2587 (23.7) 4250 (28.6) 4657 (32.4)

  ≥ 80, n (%) 2926 (7.3) 529 (4.8) 1085 (7.3) 1312 (9.1)
Women, n (%) 17,135 (42.7) 4694 (42.9) 6322 (42.6) 6119 (42.6)
Men, n (%) 23,003 (57.3) 6238 (57.1) 8514 (57.4) 8251 (57.4)
Median follow-up time, months (IQR) 9.0 (4.0–18.0) 9.0 (4.0–18.0) 10.0 (4.0–21.0) 8.0 (4.0–16.0)
Survival
 Median OS, months (95% CI) 10.0 (9.0–10.0) 9.0 (9.0–9.0) 10.0 (10.0–10.0) 10.0 (10.0–10.0)
 2-year survival, % (95% CI) 19.1 (18.7–19.5) 16.6 (15.9–17.3) 20.6 (20.0–21.3) 19.3 (18.6–20.1)

Treatment
 Surgery, yes n (%) 21,560/26,215a (82.2) 5703 (74.0) 8054 (84.1) 7803 (87.3)
 Radiotherapy, yes n (%) 18,941/25,339a (74.7) 5381 (71.9) 6748 (75.5) 6812 (76.4)
 Chemotherapy, yes n (%) 11,075/22,728a (48.7) 1909 (28.3) 4606 (54.9) 4560 (60.0)
 Immunotherapy, yes n (%) 88/13,463a (0.6) 20 (0.4) 25 (0.5) 43 (1.1)
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19.3% in subsequent periods. Figure 1 shows KM plots of 
OS between the three periods. The difference in survival 
between the first and second period, and between the first 
and third period were significant (log-rank test, p < 0.0001), 
while the survival curves for the second and third period 
were nearly identical (log-rank test, p = 0.04). Table 3 shows 
the different median OS between cases treated with surgery 
and radiotherapy, and with all three treatment modalities, 
stratified by period and by age groups. While the median 
OS became worse with advancing age, an improvement 
in survival after 2005 for the older age groups (70–79 and 
above 80-years) was observed, especially for those that also 
received chemotherapy. There was a decrease in median OS 
on multimodal therapy for the 18–49 age group in the third 
period (2011–2014). Figure 2 displays KM plots comparing 
age-stratified median OS for each period. The lower sur-
vival for the younger age groups (18–49, 50–59 years), when 
comparing between the second and third period, was most 
noticeable after approximately 15 months.

Table 2   Distribution of 
treatment modalities

SD standard deviation, IQR interquartile range

Absence of cancer-
related treatment

Surgery only Surgery and Radiotherapy Surgery, radio-
therapy, chemo-
therapy

No. of cases 2052 3822 4145 9038
Median follow-

up, months 
(IQR)

3.0 (1.0–9.0) 6.0 (2.0–14.0) 9.0 (4.0–15.0) 14.0 (8.0–23.0)

Age, years ± SD 69.4 ± 12.4 65.3 ± 12.3 65.4 ± 11.4 60.1 ± 11.7
Age categories
 18–49, n (%) 153 (7.4) 443 (11.6) 442 (10.7) 1668 (18.5)
 50–59, n (%) 238 (11.6) 662 (17.3) 697 (16.8) 2396 (26.5)
 60–69, n (%) 517 (25.2) 1149 (30.1) 1311 (31.6) 3059 (33.9)
 70–79, n (%) 744 (36.3) 1247 (32.6) 1434 (34.6) 1768 (19.5)
 80 + ,  n (%) 400 (19.5) 321 (8.4) 261 (6.3) 147 (1.6)

Women, n (%) 944 (46.0) 1685 (44.1) 1813 (43.7) 3636 (40.2)
Men, n (%) 1108 (54.0) 2137 (55.9) 2332 (56.3) 5402 (59.8)
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Fig. 1   Kaplan–Meier plot comparing the survival function in the 
three-time periods

Table 3   Median OS stratified by age group, period and treatment modality

OS overall survival, CI confidence interval

Age group Surgery and radiotherapy Surgery, radiotherapy and chemotherapy

Median OS, months (95% CI) Median OS, months (95% CI)

1999–2005 2006–2010 2011–2014 1999–2005 2006–2010 2011–2014

18–49 19.0 (18.0–21.0) 23.0 (22.0–25.0) 21.0 (19.0–22.0) 21.0 (18.0–23.0) 24.0 (22.0–26.0) 20.0 (19.0–22.0)
50–59 13.0 (13.0–14.0) 17.0 (16.0–18.0) 16.0 (15.0–17.0) 14.0 (13.0–16.0) 17.0 (16.0–18.0) 16.0 (15.0–17.0)
60–69 11.0 (10.0–11.0) 13.0 (12.0–13.0) 14.0 (13.0–14.0) 13.0 (12.0–13.0) 14.0 (13.0–14.0) 14.0 (13.0–15.0)
70–79 7.0 (7.0–8.0) 8.0 (8.0–9.0) 9.0 (9.0–9.0) 10.0 (8.0–12.0) 10.0 (9.0–11.0) 11.0 (10.0–11.0)
 ≥ 80 5.0 (4.0–6.0) 6.0 (5.0–7.0) 6.0 (5.0–8.0) 6.0 (2.0–18.0) 7.0 (5.0–9.0) 7.0 (5.0–11.0)
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Survival adjusted for confounders and treatment 
modalities

Cox proportional-hazards models revealed that younger 
age, female sex, surgical resection, use of radiotherapy 
and chemotherapy, were independent factors associated 
with better survival (Table 4). We observed a progressive 
increase in HRs from younger toward older age groups. 
The oldest age group (≥ 80 years) had the highest hazards 
ratio 4.36 (95% CI 4.05–4.70) after adjusting for all avail-
able confounders. We observed lower hazards for the sec-
ond, 0.85 (95% CI 0.83–0.88), and third period, 0.83 (95% 
CI 0.80–0.85) (Model 1), taking the 1999–2005 period as 
reference. There was no survival difference between the 
first and third period after adjustment for chemotherapy 
(Model 3). However, there was a significant interaction 
(p < 0.0001) between each treatment modality and the 
defined periods, indicating a difference in treatment effect 
across time. The survival improvement over time is indi-
cated by decreasing HRs from the first to the third period 
in an interaction analysis (Table 5). Use of chemotherapy 
versus no chemotherapy showed a decreasing HR from 
0.75 (95% CI 0.70–0.80) in the 1999–2005 period to 0.66 
(95% CI 0.61–0.70) in the 2011–2014 period. Similarly, 
there was improved survival with surgical resection, HR 

0.86 (95% CI 0.81–0.91) in 1999–2005 to 0.69 (95% CI 
0.64–0.74) in the 2011–2014 period. The improvement 
of survival over time with radiotherapy was more mod-
est, with HR 0.91 (95% CI 0.86–0.97) for the first to 0.83 
(0.77–0.89) for the third period, respectively.

Sensitivity analysis and predictors for missing 
treatment information

To explore the effect of missing treatment information on 
the stability of HRs, we excluded data from federal states 
(n = 6) that had more than 30% missing information on 
treatment modalities. With a sample size of n = 23,055, 
we repeated the Cox proportional-hazards analysis (Online 
Supplemental Resource Table 1). The sensitivity analysis 
revealed that the HRs were relatively robust, except for a 
decrease in HRs observed in the oldest age group (Model 
2 and 3) and the two latter time periods (Model 1). This is 
in line with the results from the logistic regression analysis 
(Online Supplemental Resource Table 2), where diagnosis 
at an older age and cases from the period 2006–2010 and 
2011–2014 presented with higher odds for having missing 
information on treatment modalities.
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Fig. 2   Kaplan–Meier plots comparing the survival function between periods stratified by age at GBM diagnosis
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Discussion

Our results showed that advancements in treatment rou-
tines, especially after 2005, led to the improvement of 
survival based on the Cox model estimates and improved 
2-year survival for GBM patients in Germany. First, the 

median OS was 10 months, which is in line with results 
from other cancer registry studies (Fabbro-Peray et al. 
2019; Eriksson et al. 2019; Zhu et al. 2017; Johnson and 
O’Neill 2012; Hansen et al. 2018) and the clinical trial in 
elderly patients by Perry et al. (Perry et al. 2017). Ana-
lyzing the age distribution, cases were mostly in the older 
age categories, which could explain the lower OS in the 
present study compared to the trial by Stupp et al. (2005), 
which had an upper limit (71 years) on age when enroll-
ing participants. Taking into account that clinical trials 
perform a rigorous selection of patients, with a different 
distribution of comorbid conditions and better access 
to treatment, median OS is usually higher than what is 
observed in population-level studies (Pulte et al. 2019). 
Secondly, we observed that the median OS, when stratified 
by age, treatment and time period, improved after 2005. 
The addition of TMZ chemotherapy to surgical resection 
and radiotherapy increased median OS for the older age 
groups, however, it had no to little effect in the younger 
age groups. The interaction analysis revealed that the 
effect of treatment modalities changed over time, with the 
biggest improvement stemming from chemotherapy use 
and advancements in surgical treatment. We cannot answer 
based on currently available data whether this is a result 
of improved precision or the extent of surgery. However, 
regarding chemotherapy, the only chemotherapy agent 
approved for first-line treatment of GBM has been TMZ, to 
which we can attribute most of the improvement. Finally, 
the absence of cancer-related treatment was more common 
in the older age groups, while multimodal therapy was 
more customary in the younger group.

A key factor that influenced survival was the age at 
diagnosis. The survival disparity between the different age 
groups was expected since survival declines with increasing 
age (Laperriere et al. 2013). A recent clinical trial by Perry 
et al. examined the treatment paradigm for patients older 
than 65 years, and concluded that the addition of TMZ to 
short-course radiotherapy resulted in longer survival than 
radiotherapy alone (Perry et al. 2017). This is relevant for 
clinical practice, taking into account that 35% of our cases 
were in the 70 and older age category. Additionally, molec-
ular prognostic factors for GBM are correlated with age. 
These include O6-methylguanine-DNA methyltransferase 

Table 4   Cox proportional-hazards models

a Model 1 is age and sex adjusted, Model 2 is Model 1 + surgery and 
radiotherapy, Model 3 is Model 2 + chemotherapy. Abbreviations: HR 
– hazard ratio; CI – confidence interval

Variables Model 1a Model 2a Model 3a

HR (95% CI) HR (95% CI) HR (95% CI)

Age groups
 18–49 Reference Reference Reference
 50–59 1.52 (1.45–

1.58)
1.57 (1.49–

1.66)
1.55 (1.47–1.64)

 60–69 2.00 (1.92–
2.08)

2.03 (1.93–
2.13)

1.99 (1.89–2.10)

 70–79 3.05 (2.93–
3.17)

3.10 (2.95–
3.26)

2.94 (2.79–3.10)

  ≥ 80 4.86 (4.62–
5.12)

4.69 (4.37–
5.03)

4.36 (4.05–4.70)

Men Reference Reference Reference
Women 0.94 (0.92–

0.96)
0.93 (0.90–

0.95)
0.92 (0.89–0.95)

Period 
1999–2005

Reference Reference Reference

Period 
2006–2010

0.85 (0.83–
0.87)

0.87 (0.84–
0.91)

0.96 (0.92–0.99)

Period 
2011–2014

0.82 (0.80–
0.85)

0.86 (0.83–
0.90)

1.00 (0.96–1.04)

Surgery, No – Reference Reference
Surgery, Yes – 0.70 (0.68–

0.73)
0.74 (0.71–0.77)

Radiotherapy, 
No

– Reference Reference

Radiotherapy, 
Yes

– 0.72 (0.70–
0.74)

0.87 (0.84–0.91)

Chemotherapy, 
No

– – Reference

Chemotherapy, 
Yes

– – 0.70 (0.67–0.72)

Table 5   Interaction analysis of 
use of treatment vs no treatment 
for each period

For the analysis, Cox Model 3 was used with the additional inclusion of all three interaction terms (treat-
ment modalities × time period). Abbreviations: HR—hazard ratio, CI—confidence interval

Interaction analysis Period 1999–2005
HR (95% CI)

Period 2006–2010
HR (95% CI)

Period 2011–2014
HR (95% CI)

Surgery, yes vs no 0.86 (0.81–0.91) 0.64 (0.60–0.68) 0.69 (0.64–0.74)
Radiotherapy, yes vs no 0.91 (0.86–0.97) 0.88 (0.83–0.94) 0.83 (0.77–0.89)
Chemotherapy, yes vs no 0.75 (0.70–0.80) 0.72 (0.68–0.76) 0.66 (0.61–0.70)
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(MGMT) gene promotor methylation and isocitrate dehy-
drogenase (IDH1) mutations (Weller et al. 2009). About 
10% of GBMs are IDH gene mutated and this is associ-
ated with a better prognosis, while typically GBMs are IDH 
wild-type. Elderly patients are more likely to have IDH wild-
type, which indicates a shorter survival compared to younger 
patients (Zhu et al. 2017). Additionally, older patients are 
burdened with more comorbidities and have more treat-
ment-related side effects (Brandes et al. 2009). However, 
this group often has methylation of the MGMT promotor, 
which offers chemosensitivity and increased benefit from 
TMZ treatment (Perry et al. 2017; Wick et al. 2012; Hegi 
et al. 2005).

Survival rates for patients with GBM have shown little 
notable improvement in the last two decades. Our results 
are comparable to the median OS and 2-year survival rates 
reported by other population-based registry studies using 
SEER, VHA, CRN (Cancer Registry of Norway) (Ronning 
et al. 2012), the FBTDB (French Brain Tumor Database) 
(Fabbro-Peray et al. 2019) and the Danish Neuro-Oncology 
Registry (Hansen et al. 2018). According to the study by 
Dubrow et al. (2013), addition of TMZ chemotherapy to 
standard therapy protocols explained the improved survival 
observed on a population level, even though they showed 
much lower median OS (6.4 months). Our results are com-
parable to the study by Zhu et  al. (2017) that reported 
10 months median OS and a 2-year survival rate of 16.8%. 
Other European studies, such as from France, reported 
11.2 months (Fabbro-Peray et al. 2019), Norway, 8.3 and 
10.1 months in the pre-TMZ and TMZ eras, respectively 
(Ronning et al. 2012), and Denmark, 11.2 months (Hansen 
et al. 2018). A clear explanation why there is little change 
in survival from GBM in Germany during 16 years is dif-
ficult. One possible reason could be that cases diagnosed at 
an older age, whose numbers increased substantially due 
to demographic changes or improved case ascertainment in 
the cancer registry, are subjected to less aggressive treat-
ment protocols. A study from Fabbro-Perray et al. (2019), 
stated that in ‘real-world’ setting, only 60% of patients initi-
ate standard treatment, and while we are unable to confirm 
this from our data, the overall use of surgery, radio- and 
chemotherapy was relatively high and increased in subse-
quent periods, meaning this could not completely explain 
the discrepancy.

Glioblastoma multiforme is a costly disease due to hos-
pitalization and life-years lost in the post-diagnosis period, 
hospice care, and claims for physical, occupational and 
speech therapy (Aly et al. 2019). Before our analysis, we 
expected a more substantial improvement in survival of 
GBM patients, considering advances in surgical tech-
niques and the introduction of postoperative radio-chem-
otherapy with adjuvant chemotherapy as a standard treat-
ment after 2005. The implementation of neuronavigation 

and the introduction of intraoperative 5-aminolevulinic 
acid (5-ALA) fluorescent microscopy have enhanced the 
possibility to achieve a better gross total tumor resection. 
Our analyses revealed that surgery is associated with better 
survival, as also reported by another study (Al-Holou et al. 
2020). The effect of radiotherapy advancements was more 
modest even though there were several novel radiotherapy 
choices. Intensity-modulated radiation therapy represents an 
advance option in terms of conformal treatment. Addition-
ally, tumor-treating fields (TTFs) are an important cancer 
treatment modality with antimitotic effects against rapidly 
dividing tumor cells (Fabian et al. 2019). This is an upcom-
ing new standard of care for both newly diagnosed and 
recurrent GBM cases (Kazda et al. 2018). More aggressive 
treatment of recurrent disease, with the application of ste-
reotactic radiotherapy and improvements in palliative care, 
might also contribute to better survival. Regarding chemo-
therapy, the use of TMZ has been consistently associated 
with improved survival. Co-administration of radiotherapy 
and TMZ has nearly tripled the 2-year survival of GBM 
patients in the last two decades from 10 to 27% and quadru-
pled to 47% in patients with MGMT promotor methylation 
(Kazda et al. 2018). However, current clinical trials have 
reported improved chemotherapy benefits only in patients 
with prognostically positive molecular profiles, and this is 
important evidence toward the implementation of a person-
alized treatment strategy (Herrlinger et al. 2019; Bent et al. 
2019). Several known and newly discovered chemotherapy 
and immunotherapy agents have been tested, offering modest 
or no improvement in median OS (Gilbert et al. 2014; Weller 
et al. 2017), but no second-line treatment has been estab-
lished. Regardless of modern state-of-the-art treatment, due 
to the highly invasive nature of GBM, median OS remains 
between 10 and 14 months (Seyfried et al. 2019). Additional 
research is needed to improve the poor prognosis of these 
patients.

Strengths and limitations

The strength of our study is that it uses a large, nationally 
representative database of German GBM patients, classi-
fied by the ICD-O-3 coding system, with satisfactory data 
quality and completeness of the information. Registry-based 
studies are considered to reflect more accurately ‘real-world’ 
settings. There are also some potential limitations. Cancer 
registration in Germany was not nationwide before 2009, 
which could influence the lower number of cases seen in 
the first period. Additionally, epidemiological cancer regis-
tries do not routinely collect information on specific chem-
otherapy drugs or the applied regimen. It is possible that 
some cases did not receive the standard TMZ treatment, but 
a different chemotherapy medication, such as lomustine. 
In the pre-2005 era, German guidelines recommended the 
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use of carmustine plus teniposide or nimustine plus tenipo-
side based on results from two clinical trials (Weller et al. 
2003). However, one study has shown that the most frequent 
chemotherapy modality after 2005 is TMZ with a median 
duration of 2.4 months (Aly et al. 2019). Another limitation 
is that no additional variables associated with survival were 
collected, such as performance status, the extent of surgery 
and presence of comorbidities (Eriksson et al. 2019). Due 
to lack of information on comorbidities we cannot exclude 
confounding by indication, which is a limitation of obser-
vational data, as opposed to randomized controlled trials. In 
addition, the sensitivity analysis revealed that recent periods 
had more missing information on treatment modalities and 
this was exacerbated by older age at diagnosis. Thus, the 
interpretation of the main effect estimates remains challeng-
ing. Finally, data on molecular factors were unavailable.

Conclusion

While the median OS did not improve significantly during 
the three periods, there was a slight increase in 2-year sur-
vival and a notable survival improvement after 2005 for all 
treatment modalities. The addition of TMZ chemotherapy 
improved survival more evidently in the older age groups 
but had a lesser effect in the younger age groups. Survival 
improvement depends on several factors and accentuates 
the need for a personalized strategy in GBM treatment 
management.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00432-​021-​03596-5.

Acknowledgements  We would like to acknowledge the collaboration 
with Klaus Kraywinkel from the RKI for providing the neurological 
cancer dataset.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This study was supported by the Martin-Luther-University 
Halle-Wittenberg internal research funds.

Declarations 

Conflict of interest  The authors of this study have no conflict of inter-
est to declare.

Ethical approval/informed consent  This article does not contain any 
studies with human participants performed by the authors. The data 
analyses included only state mandated, routinely collected clinical data, 
completely anonymised and intended for statistical purposes, freely 
available by request to the RKI, hence no informed consent is required.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Al-Holou WN, Hodges TR, Everson RG, Freeman J, Zhou S, Suki D, 
Rao G, Ferguson SD, Heimberger AB, McCutcheon IE, Prabhu 
SS, Lang FF, Weinberg JS, Wildrick DM, Sawaya R (2020) Per-
ilesional resection of glioblastoma is independently associated 
with improved outcomes. Neurosurgery 86(1):112–121. https://​
doi.​org/​10.​1093/​neuros/​nyz008

Aly A, Singh P, Korytowsky B, Ling Y-L, Kale HP, Dastani HB, 
Botteman MF, Norden AD (2019) Survival, costs, and health 
care resource use by line of therapy in US Medicare patients 
with newly diagnosed glioblastoma: a retrospective observa-
tional study. Neuro-Oncology Practice. https://​doi.​org/​10.​1093/​
nop/​npz042

Bent MJVD, Erridge S, Vogelbaum MA, Nowak AK, Sanson M, 
Brandes AA, Wick W, Clement PM, Baurain J-F, Mason WP, 
Wheeler H, Weller M, Aldape KD, Wesseling P, Kros JM, 
Tesileanu M, Golfinopoulos V, Gorlia T, Baumert BG, French 
P (2019) Second interim and first molecular analysis of the 
EORTC randomized phase III intergroup CATNON trial on 
concurrent and adjuvant temozolomide in anaplastic glioma 
without 1p/19q codeletion. J Clin Oncol 37(15_suppl):2000. 
https://​doi.​org/​10.​1200/​JCO.​2019.​37.​15_​suppl.​2000

Brandes AA, Franceschi E, Tosoni A, Benevento F, Scopece L, 
Mazzocchi V, Bacci A, Agati R, Calbucci F, Ermani M (2009) 
Temozolomide concomitant and adjuvant to radiotherapy in 
elderly patients with glioblastoma: correlation with MGMT pro-
moter methylation status. Cancer 115(15):3512–3518. https://​
doi.​org/​10.​1002/​cncr.​24406

Bray F, Parkin DM (2009) Evaluation of data quality in the cancer 
registry: principles and methods. Part I: comparability, validity 
and timeliness. Eur J Cancer 45(5):747–755. https://​doi.​org/​10.​
1016/j.​ejca.​2008.​11.​032

Darefsky AS, King JT Jr, Dubrow R (2012) Adult glioblastoma mul-
tiforme survival in the temozolomide era: a population-based 
analysis of Surveillance, Epidemiology, and End Results regis-
tries. Cancer 118(8):2163–2172. https://​doi.​org/​10.​1002/​cncr.​
26494

Dubrow R, Darefsky AS, Jacobs DI, Park LS, Rose MG, Laurans MS, 
King JT Jr (2013) Time trends in glioblastoma multiforme sur-
vival: the role of temozolomide. Neuro Oncol 15(12):1750–1761. 
https://​doi.​org/​10.​1093/​neuonc/​not122

Eriksson M, Kahari J, Vestman A, Hallmans M, Johansson M, Bergen-
heim AT, Sandstrom M (2019) Improved treatment of glioblas-
toma—changes in survival over two decades at a single regional 
Centre. Acta Oncol 58(3):334–341. https://​doi.​org/​10.​1080/​02841​
86X.​2019.​15712​78

Fabbro-Peray P, Zouaoui S, Darlix A, Fabbro M, Pallud J, Rigau V, 
Mathieu-Daude H, Bessaoud F, Bauchet F, Riondel A, Sorbets 
E, Charissoux M, Amelot A, Mandonnet E, Figarella-Branger D, 
Duffau H, Tretarre B, Taillandier L, Bauchet L (2019) Associa-
tion of patterns of care, prognostic factors, and use of radiother-
apy-temozolomide therapy with survival in patients with newly 
diagnosed glioblastoma: a French national population-based 

https://doi.org/10.1007/s00432-021-03596-5
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/neuros/nyz008
https://doi.org/10.1093/neuros/nyz008
https://doi.org/10.1093/nop/npz042
https://doi.org/10.1093/nop/npz042
https://doi.org/10.1200/JCO.2019.37.15_suppl.2000
https://doi.org/10.1002/cncr.24406
https://doi.org/10.1002/cncr.24406
https://doi.org/10.1016/j.ejca.2008.11.032
https://doi.org/10.1016/j.ejca.2008.11.032
https://doi.org/10.1002/cncr.26494
https://doi.org/10.1002/cncr.26494
https://doi.org/10.1093/neuonc/not122
https://doi.org/10.1080/0284186X.2019.1571278
https://doi.org/10.1080/0284186X.2019.1571278


3389Journal of Cancer Research and Clinical Oncology (2021) 147:3381–3390	

1 3

study. J Neurooncol 142(1):91–101. https://​doi.​org/​10.​1007/​
s11060-​018-​03065-z

Fabian D, Guillermo Prieto Eibl MDP, Alnahhas I, Sebastian N, Giglio 
P, Puduvalli V, Gonzalez J, Palmer JD (2019) Treatment of glio-
blastoma (GBM) with the addition of tumor-treating fields (TTF): 
a review. Cancers. https://​doi.​org/​10.​3390/​cance​rs110​20174

Gilbert MR, Dignam JJ, Armstrong TS, Wefel JS, Blumenthal DT, 
Vogelbaum MA, Colman H, Chakravarti A, Pugh S, Won M, 
Jeraj R, Brown PD, Jaeckle KA, Schiff D, Stieber VW, Brach-
man DG, Werner-Wasik M, Tremont-Lukats IW, Sulman EP, 
Aldape KD, Curran WJ Jr, Mehta MP (2014) A randomized trial 
of bevacizumab for newly diagnosed glioblastoma. N Engl J Med 
370(8):699–708. https://​doi.​org/​10.​1056/​NEJMo​a1308​573

Hansen S, Rasmussen BK, Laursen RJ, Kosteljanetz M, Schultz H, 
Norgard BM, Guldberg R, Gradel KO (2018) Treatment and sur-
vival of glioblastoma patients in Denmark: the Danish Neuro-
Oncology Registry 2009–2014. J Neurooncol 139(2):479–489. 
https://​doi.​org/​10.​1007/​s11060-​018-​2892-7

Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller 
M, Kros JM, Hainfellner JA, Mason W, Mariani L, Bromberg 
JE, Hau P, Mirimanoff RO, Cairncross JG, Janzer RC, Stupp R 
(2005) MGMT gene silencing and benefit from temozolomide 
in glioblastoma. N Engl J Med 352(10):997–1003. https://​doi.​
org/​10.​1056/​NEJMo​a0433​31

Herrlinger U, Tzaridis T, Mack F, Steinbach JP, Schlegel U, Sabel 
M, Hau P, Kortmann RD, Krex D, Grauer O, Goldbrunner R, 
Schnell O, Bahr O, Uhl M, Seidel C, Tabatabai G, Kowalski T, 
Ringel F, Schmidt-Graf F, Suchorska B, Brehmer S, Weyerbrock 
A, Renovanz M, Bullinger L, Galldiks N, Vajkoczy P, Misch M, 
Vatter H, Stuplich M, Schafer N, Kebir S, Weller J, Schaub C, 
Stummer W, Tonn JC, Simon M, Keil VC, Nelles M, Urbach 
H, Coenen M, Wick W, Weller M, Fimmers R, Schmid M, Hat-
tingen E, Pietsch T, Coch C, Glas M, Neurooncology Work-
ing Group of the German Cancer S (2019) Lomustine-temo-
zolomide combination therapy versus standard temozolomide 
therapy in patients with newly diagnosed glioblastoma with 
methylated MGMT promoter (CeTeG/NOA-09): a randomised, 
open-label, phase 3 trial. Lancet 393(10172):678–688. https://​
doi.​org/​10.​1016/​S0140-​6736(18)​31791-4

Johnson DR, O’Neill BP (2012) Glioblastoma survival in the United 
States before and during the temozolomide era. J Neurooncol 
107(2):359–364. https://​doi.​org/​10.​1007/​s11060-​011-​0749-4

Kazda T, Dziacky A, Burkon P, Pospisil P, Slavik M, Rehak Z, Jan-
calek R, Slampa P, Slaby O, Lakomy R (2018) Radiotherapy 
of glioblastoma 15 years after the landmark stupp’s trial: more 
controversies than standards? Radiol Oncol 52(2):121–128. 
https://​doi.​org/​10.​2478/​raon-​2018-​0023

Kraywinkel K, Barnes B, Dahm S, Haberland J, Nennecke A, Stabe-
now R (2014) Nationwide statements from regional data: meth-
ods of the Center for Cancer Registry Data. Bundesgesundheits-
blatt Gesundheitsforschung Gesundheitsschutz 57(1):13–21. 
https://​doi.​org/​10.​1007/​s00103-​013-​1878-z

Laperriere N, Weller M, Stupp R, Perry JR, Brandes AA, Wick 
W, van den Bent MJ (2013) Optimal management of elderly 
patients with glioblastoma. Cancer Treat Rev 39(4):350–357. 
https://​doi.​org/​10.​1016/j.​ctrv.​2012.​05.​008

Lee CH, Jung KW, Yoo H, Park S, Lee SH (2010) Epidemiology of 
primary brain and central nervous system tumors in Korea. J 
Korean Neurosurg Soc 48(2):145–152. https://​doi.​org/​10.​3340/​
jkns.​2010.​48.2.​145

Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, 
Barnholtz-Sloan JS (2019) CBTRUS statistical report: primary 
brain and other central nervous system tumors diagnosed in the 
United States in 2012–2016. Neuro Oncol 21(Suppl 5):v1–v100. 
https://​doi.​org/​10.​1093/​neuonc/​noz150

Perry JR, Laperriere N, O’Callaghan CJ, Brandes AA, Menten J, 
Phillips C, Fay M, Nishikawa R, Cairncross JG, Roa W, Osoba 
D, Rossiter JP, Sahgal A, Hirte H, Laigle-Donadey F, France-
schi E, Chinot O, Golfinopoulos V, Fariselli L, Wick A, Feuvret 
L, Back M, Tills M, Winch C, Baumert BG, Wick W, Ding K, 
Mason WP, Trial I (2017) Short-course radiation plus temo-
zolomide in elderly patients with glioblastoma. N Engl J Med 
376(11):1027–1037. https://​doi.​org/​10.​1056/​NEJMo​a1611​977

Pulte D, Weberpals J, Jansen L, Brenner H (2019) Changes in pop-
ulation-level survival for advanced solid malignancies with 
new treatment options in the second decade of the 21st century. 
Cancer 125(15):2656–2665. https://​doi.​org/​10.​1002/​cncr.​32160

Ronning PA, Helseth E, Meling TR, Johannesen TB (2012) A pop-
ulation-based study on the effect of temozolomide in the treat-
ment of glioblastoma multiforme. Neuro Oncol 14(9):1178–
1184. https://​doi.​org/​10.​1093/​neuonc/​nos153

Rossi S, Baili P, Capocaccia R, Caldora M, Carrani E, Minicozzi P, 
Pierannunzio D, Santaquilani M, Trama A, Allemani C, Belot 
A, Buzzoni C, Lorez M, De Angelis R, Group E-W (2015) The 
EUROCARE-5 study on cancer survival in Europe 1999–2007: 
database, quality checks and statistical analysis methods. Eur J 
Cancer 51(15):2104–2119. https://​doi.​org/​10.​1016/j.​ejca.​2015.​
08.​001

Scoccianti S, Magrini SM, Ricardi U, Detti B, Buglione M, Sotti G, 
Krengli M, Maluta S, Parisi S, Bertoni F, Mantovani C, Tom-
bolini V, De Renzis C, Lioce M, Fatigante L, Fusco V, Muto P, 
Berti F, Rubino G, Cipressi S, Fariselli L, Lupattelli M, Santoni 
R, Pirtoli L, Biti G (2010) Patterns of care and survival in a 
retrospective analysis of 1059 patients with glioblastoma mul-
tiforme treated between 2002 and 2007: a multicenter study by 
the Central Nervous System Study Group of Airo (italian Asso-
ciation of Radiation Oncology). Neurosurgery 67(2):446–458. 
https://​doi.​org/​10.​1227/​01.​NEU.​00003​71990.​86656.​E8

Seyfried TN, Shelton L, Arismendi-Morillo G, Kalamian M, Elsakka 
A, Maroon J, Mukherjee P (2019) Provocative question: should 
ketogenic metabolic therapy become the standard of care for 
glioblastoma? Neurochem Res 44(10):2392–2404. https://​doi.​
org/​10.​1007/​s11064-​019-​02795-4

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, 
Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn 
U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier 
A, Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO, 
European Organisation for R, Treatment of Cancer Brain T, 
Radiotherapy G, National Cancer Institute of Canada Clinical 
Trials G (2005) Radiotherapy plus concomitant and adjuvant 
temozolomide for glioblastoma. N Engl J Med 352(10):987–
996. https://​doi.​org/​10.​1056/​NEJMo​a0433​30

Thakkar JP, Dolecek TA, Horbinski C, Ostrom QT, Lightner DD, 
Barnholtz-Sloan JS, Villano JL (2014) Epidemiologic and 
molecular prognostic review of glioblastoma. Cancer Epide-
miol Biomark Prev 23(10):1985–1996. https://​doi.​org/​10.​1158/​
1055-​9965.​EPI-​14-​0275

Weller M, Muller B, Koch R, Bamberg M, Krauseneck P (2003) 
Neuro-Oncology Working Group 01 trial of nimustine plus 
teniposide versus nimustine plus cytarabine chemotherapy in 
addition to involved-field radiotherapy in the first-line treatment 
of malignant glioma. J Clin Oncol 21(17):3276–3284. https://​
doi.​org/​10.​1200/​JCO.​2003.​03.​509

Weller M, Felsberg J, Hartmann C, Berger H, Steinbach JP, Sch-
ramm J, Westphal M, Schackert G, Simon M, Tonn JC, Heese 
O, Krex D, Nikkhah G, Pietsch T, Wiestler O, Reifenberger 
G, von Deimling A, Loeffler M (2009) Molecular predictors 
of progression-free and overall survival in patients with newly 
diagnosed glioblastoma: a prospective translational study of 
the German Glioma Network. J Clin Oncol 27(34):5743–5750. 
https://​doi.​org/​10.​1200/​JCO.​2009.​23.​0805

https://doi.org/10.1007/s11060-018-03065-z
https://doi.org/10.1007/s11060-018-03065-z
https://doi.org/10.3390/cancers11020174
https://doi.org/10.1056/NEJMoa1308573
https://doi.org/10.1007/s11060-018-2892-7
https://doi.org/10.1056/NEJMoa043331
https://doi.org/10.1056/NEJMoa043331
https://doi.org/10.1016/S0140-6736(18)31791-4
https://doi.org/10.1016/S0140-6736(18)31791-4
https://doi.org/10.1007/s11060-011-0749-4
https://doi.org/10.2478/raon-2018-0023
https://doi.org/10.1007/s00103-013-1878-z
https://doi.org/10.1016/j.ctrv.2012.05.008
https://doi.org/10.3340/jkns.2010.48.2.145
https://doi.org/10.3340/jkns.2010.48.2.145
https://doi.org/10.1093/neuonc/noz150
https://doi.org/10.1056/NEJMoa1611977
https://doi.org/10.1002/cncr.32160
https://doi.org/10.1093/neuonc/nos153
https://doi.org/10.1016/j.ejca.2015.08.001
https://doi.org/10.1016/j.ejca.2015.08.001
https://doi.org/10.1227/01.NEU.0000371990.86656.E8
https://doi.org/10.1007/s11064-019-02795-4
https://doi.org/10.1007/s11064-019-02795-4
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1158/1055-9965.EPI-14-0275
https://doi.org/10.1158/1055-9965.EPI-14-0275
https://doi.org/10.1200/JCO.2003.03.509
https://doi.org/10.1200/JCO.2003.03.509
https://doi.org/10.1200/JCO.2009.23.0805


3390	 Journal of Cancer Research and Clinical Oncology (2021) 147:3381–3390

1 3

Weller M, Butowski N, Tran DD, Recht LD, Lim M, Hirte H, Ashby 
L, Mechtler L, Goldlust SA, Iwamoto F, Drappatz J, O’Rourke 
DM, Wong M, Hamilton MG, Finocchiaro G, Perry J, Wick W, 
Green J, He Y, Turner CD, Yellin MJ, Keler T, Davis TA, Stupp 
R, Sampson JH, Investigators AIt (2017) Rindopepimut with 
temozolomide for patients with newly diagnosed, EGFRvIII-
expressing glioblastoma (ACT IV): a randomised, double-blind, 
international phase 3 trial. Lancet Oncol 18(10):1373–1385. 
https://​doi.​org/​10.​1016/​S1470-​2045(17)​30517-X

Wick W, Platten M, Meisner C, Felsberg J, Tabatabai G, Simon M, 
Nikkhah G, Papsdorf K, Steinbach JP, Sabel M, Combs SE, 
Vesper J, Braun C, Meixensberger J, Ketter R, Mayer-Steinacker 
R, Reifenberger G, Weller M, Society NOASGoN-oWGoGC 
(2012) Temozolomide chemotherapy alone versus radiotherapy 

alone for malignant astrocytoma in the elderly: the NOA-08 
randomised, phase 3 trial. Lancet Oncol 13(7):707–715. https://​
doi.​org/​10.​1016/​S1470-​2045(12)​70164-X

Zhu P, Du XL, Lu G, Zhu JJ (2017) Survival benefit of glioblastoma 
patients after FDA approval of temozolomide concomitant with 
radiation and bevacizumab: a population-based study. Onco-
target 8(27):44015–44031. https://​doi.​org/​10.​18632/​oncot​arget.​
17054

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/S1470-2045(17)30517-X
https://doi.org/10.1016/S1470-2045(12)70164-X
https://doi.org/10.1016/S1470-2045(12)70164-X
https://doi.org/10.18632/oncotarget.17054
https://doi.org/10.18632/oncotarget.17054

	Patterns of glioblastoma treatment and survival over a 16-years period: pooled data from the German Cancer Registries
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	Definition of periods and study outcome
	Statistical analyses

	Results
	Demographic characteristics
	Treatment patterns
	Median OS
	Survival adjusted for confounders and treatment modalities
	Sensitivity analysis and predictors for missing treatment information

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements 
	References




