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Glioblastoma (GBM) is the most common primary 
malignant brain tumor in adults, with an incidence 
of 5–6 new cases per 100,000 individuals per year 

worldwide.27 Despite continuous research into the treat-
ment of GBM, prognosis remains dismal, with a current 
median survival between 15 and 17 months.2,22,23 Prior to 
2005, first-line treatment of GBM was not standardized, 
with the implementation of chemotherapy being only cir-

cumstantial.9 In 2005, the results of the European Organ-
isation for Research and Treatment of Cancer (EORTC) 
22981/26981 trial showed that radiotherapy plus concomi-
tant and adjuvant temozolomide-based chemotherapy im-
proves progression-free survival (PFS) and overall survival 
(OS) compared to radiotherapy alone, making this treat-
ment the standard of care for newly diagnosed GBMs.22

Nevertheless, GBM progression occurs in almost all 
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OBJECTIVE Data on the survival effects of supportive care compared to second-line multimodal treatment for glioblas-
toma progression are scarce. Thus, the authors assessed survival in two population-based, similar cohorts from two 
European university hospitals with different treatment strategies at first progression.
METHODS The authors retrospectively identified patients with newly diagnosed glioblastoma treated at two neuroonco-
logical centers. After diagnosis, patients from both centers received identical treatments, but at tumor progression each 
center used a different approach. In the majority of cases, at center A (Greece), supportive care or a single therapeutic 
modality was offered at progression, whereas center B (Germany) provided multimodal second-line therapy. The main 
outcome measure was survival after progression (SaP). The influence of the treatment strategy on SaP was assessed by 
multivariate analysis.
RESULTS One hundred three patients from center A and 156 from center B were included. Tumor progression was 
observed in 86 patients (center A) and 136 patients (center B). At center A, 53 patients (72.6%) received supportive care 
alone, while at center B, 91 patients (80.5%) received second-line treatment. Progression-free survival at both centers 
was similar (9.4 months [center A] vs 9.0 months [center B]; p = 0.97), but SaP was significantly improved in the patients 
treated with multimodal second-line therapy at center B (7 months, 95% CI 5.3–8.7 months) compared to those treated 
with supportive care or a single therapeutic modality at center A (4.5 months, 95% CI 3.5–5.5 months; p = 0.003). In the 
multivariate analysis, the treatment center was an independent prognostic factor for overall survival (HR 1.59, 95% CI 
0.17–2.15; p = 0.002).
CONCLUSIONS Treatment strategy favoring multimodal second-line treatment over minimal treatment or supportive 
care at glioblastoma progression is associated with significantly better overall survival.
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patients, and, unlike the uniform first-line treatment, no 
standard-of-care treatment has been established for re-
current disease, as no treatment strategy has been shown 
to conclusively improve outcome.26 At first progression, 
therapeutic approaches frequently involve a combination 
of resection, reirradiation, and alkylating chemotherapy. 
However, evidence for the efficacy of these therapies is 
rather limited and inconclusive.4,7,16,18

Furthermore, it is still unclear whether second-line 
treatment of GBM at first progression achieves better sur-
vival than supportive care alone. The very few studies that 
address this question usually compare cohorts generated 
from a single institution after certain selection criteria are 
met (based on competing comorbidities, performance sta-
tus, or resectability of the tumor at baseline) or compare 
cohorts from before and after the Stupp era.5,14,15,20 In the 
former, there is a profound selection bias, and in the latter, 
no sure conclusion can be drawn due to the fact that the 
effect of the second-line therapy cannot be isolated from 
that of the primary treatment. This leads to a great dis-
crepancy between applied practices, which ultimately are 
governed by various factors such as the treating physician’s 
preference, regional nonvalidated protocols, availability of 
specialized equipment (such as that for stereotactic radio-
therapy, radiosurgery, or brachytherapy), and the structure 
and financial resources of the health system itself.

We conducted an analysis of two very similar cohorts 
of GBM patients treated in neurooncological centers in 
Greece and in Germany. In both countries, maximal safe 
tumor resection followed by a treatment according to the 
EORTC 22981/26981 trial is provided; however, their 
treatment strategies at disease progression are very dif-
ferent. Neurooncological centers in Germany frequently 
favor an interdisciplinary approach and usually offer spe-

cific treatment at first progression.20 In contrast, patients in 
Greece are typically managed outside of an interdisciplin-
ary setting, by either the operating neurosurgeon or a gen-
eral oncologist. At first progression, supportive care alone 
is usually offered, with only a minority of patients receiv-
ing second-line treatment.

The purpose of this study was to examine whether a 
strategy favoring active treatment of GBM at progression 
offers an advantage in OS compared to supportive care 
alone.

Methods
We retrospectively analyzed two newly diagnosed 

GBM patient cohorts that were treated between June 2010 
and June 2015 at the Department of Neurosurgery, Evan-
gelismos Hospital, University of Athens, Greece (center 
A), and Neurooncological Center, University Hospital of 
Cologne, Germany (center B). Medical records were re-
viewed to identify adult patients with newly diagnosed pri-
mary GBM who were eligible for treatment according to 
the EORTC 22981/26981 protocol. Neuropathological di-
agnosis was performed in both cohorts by an experienced 
neuropathologist in accordance with the WHO classifica-
tion of 2007.12 Patients with infratentorial, multilocular, 
and secondary GBM, patients who received only biopsy or 
underwent tumor-debulking surgery, and patients not suit-
able for Stupp protocol treatment were excluded.

Medical records were reviewed for clinical variables 
such as sex, age at diagnosis, Karnofsky Performance 
Scale (KPS) score documented at admission and at each 
follow-up visit, location of the tumor, time from symptom 
onset to diagnosis, presenting symptoms, days of hospital 
stay, and second-line treatment. Baseline characteristics 
are summarized in Table 1.

In both cohorts, the tumor resection was performed 
by experienced neurosurgeons using a state-of-the-art 
neurosurgical microscope (Pentero OPMI, Karl Zeiss), 
navigation (StealthStation [Medronic] at center A and 
VectorVision [BrainLab] at center B), and intraoperative 
electrophysiological monitoring. Postoperative contrast-
enhanced MR images were obtained no later than 48 hours 
after surgery.

Follow-up comprised clinical examination and MRI ev-
ery 3 months or upon clinical deterioration. Tumor recur-
rence was defined using the RANO criteria.29 In the case 
of suspected tumor progression, patients were reassessed 
by MRI after 6 weeks.

The primary endpoint was survival after progression 
(SaP) defined as time from progression to death or the end 
of follow-up (December 2016 for both cohorts). PFS was 
defined as time from first surgery to first progression.

In the case of tumor progression, the further course of 
action at center A was determined solely by the treating 
physician, either a neurosurgeon or an oncologist. At cen-
ter B, patients’ cases were discussed by members of an in-
terdisciplinary tumor board.

Statistical Analysis
Quantitative baseline patient characteristics were com-

pared using the Student t-test or Mann-Whitney U-test in 

TABLE 1. Baseline and treatment characteristics

Characteristic

Value
p  

Value
Center A  
(n = 103)

Center B  
(n = 156)

Mean age (SD), yrs 59.3 (11.9)  59.1 (12.2) 0.88
Men 63 (61.2) 98 (62.8) 0.79
KPS score ≥70 91 (88.3) 146 (93.6) 0.14
IDH mutation 3 (5.1)* 5 (7.0)* 0.16
Midline involvement 16 (15.5) 21 (13.5) 0.64
Left side 58 (56.3) 78 (50) 0.32
Median hospital stay (SD), days 8 (8.5) 8 (4.8) 0.52
Patients with progression 86 (83.5) 136 (87.2)
Median duration of symptoms, wks 4 4 0.84
2nd-line treatment
 Any 20 (23.2) 91 (67)

<0.001 Supportive care 53 (61.6) 22 (16.2)
 Data missing 13 (15.1) 23 (16.9)

Values are presented as the number (%) of patients or as the mean/median 
(SD).
* The presence of an IDH mutation was determined in 59 patients in center 
A and 71 patients in center B. The percentage is reported for the patients in 
whom IDH status was determined.
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the case of violation of normality. Categorical variables 
are reported as counts/numbers and percentages and dif-
ferences between the cohorts were evaluated using Pear-
son’s chi-square or Fisher’s exact test, as appropriate. SaP 
and PFS were estimated using the Kaplan-Meier analysis, 
and the log-rank test was used for group comparisons. A 
Cox proportional hazards regression model was used for 
univariate and multivariate analyses to test the effect of 
prognostic factors in terms of SaP. A two-tailed p value 
of ≤ 0.05 was considered statistically significant. All sta-
tistical analyses were performed using SPSS version 20.0 
(IBM Corp.).

For this type of study, no ethical approval was required.

Results
Patients

A total of 431 GBM patients treated within the study 
period could be identified. Inclusion criteria were not met 
by 28 patients from center A (12 with multilocular tumors, 
9 who underwent tumor debulking, 5 with infratentorial 
lesions, and 2 who refused treatment) and 38 patients from 
center B (16 with multilocular tumors, 12 who underwent 
tumor debulking, 9 with infratentorial lesions, and 1 who 
refused treatment), and 106 were excluded because the 
exact point of progression or the OS could not be estab-
lished. In total, 103 patients treated in center A and 156 
patients treated in center B were included in this analysis. 
Both groups were very similar in terms of age at diagno-
sis, male/female ratio, duration of symptoms, KPS score, 
and the presence of an IDH mutation. IDH mutations were 
diagnosed in 59 patients (57%) at center A and 71 patients 

(45.5%) at center B. The implementation of intraopera-
tive aiding tools was similar in both departments; naviga-
tion was used in 72% and 67% of cases a centers A and 
B, respectively, while intraoperative electrophysiological 
monitoring was used in 53% of patients from center A and 
21% from center B (difference not significant). For both 
cohorts, median hospital stay after resection was 8 days 
(Table 1).

The two cohorts did not differ significantly regarding 
permanent postoperative deficits (7% vs 18% in center A 
and center B, respectively; p = 0.21). For 26 (10%) patients, 
the exact number of adjuvant temozolomide cycles was 
not documented. For the remaining patients, 55% in cen-
ter A and 48.1% in center B could complete the 6 cycles of 
adjuvant temozolomide treatment (p = 0.30).

For 13 of the 86 patients whose tumors progressed in 
center A and 23 of 136 in center B, the further course of 
treatment is unknown. For the rest of the patients, there 
was a significant discrepancy between the favored strat-
egy after disease progression or recurrence, with 27.4% 
of patients treated in center A receiving further treatment, 
as opposed to 80.5% of patients in center B (p < 0.001) 
(Table 2).

Survival
SaP was significantly longer for patients treated in cen-

ter B (7 months, 95% CI 5.3–8.7 months) than for patients 
treated in center A (4.5 months, 95% CI 3.5–5.5 months; 
p = 0.003) (Fig. 1).

The estimated survival rate at 3 months after progres-
sion was 69% for center A patients compared with 82.5% 

TABLE 2. Treatment modalities for patients with recurrence

2nd-Line Treatment
No. of Patients (%)

Center A (n = 73)* Center B (n = 113)*

Monotherapy 15 (20.5) 33 (29.2)
 Op 11 (15) 12 (10.6)
 CTX 1 (1.4) 20 (17.7)
 Rx 3 (4.1) 1 (0.9)
Combination treatment 5 (6.8) 58 (51.3)
 Op + Rx 5 (4.4)
 Op + CTX 10 (8.8)
 Op + Rx + CTX 16 (14.2)
 Op + CTX + Bev 5 (4.4)
 Op + Rx + CTX + Bev 4 (3.5)
 Op + Bev 2 (1.8)
 Rx + CTX 2 (1.8)
 Rx + Bev 1 (0.9)
 Rx + CTX + Bev 1 (0.9)
 CTX + Bev 1 (1.4) 11 (9.7)
 Bev 4 (5.5) 1 (0.9)
Supportive care 53 (72.6) 22 (19.5)

Bev = bevacizumab; CTX = chemotherapy; Rx = radiotherapy.
* Missing cases excluded (center A: 13 [15%] missing cases and center B: 23 
[17%]; p = 0.30). FIG. 1. Kaplan-Meier curve for SaP between center A and center B, 

showing significantly longer survival for patients treated in center B (p = 
0.003). Hash marks indicate censored cases.
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for center B patients. The 6-month estimated survival rate 
was 40.5% for patients at center A compared with 55% 
at center B, while at 12 months the rates were 11.3% vs 
32.5%, respectively. PFS did not differ between the two 
cohorts (center A: 9.4 months, 95% CI 8.1–10.7 months vs 
center B: 9.0 months, 95% CI 7.9–10.1 months; p = 0.97) 
(Fig. 2).

Since we observed no difference between the two co-
horts with respect to well-established prognostic factors, 
we developed a multivariate Cox proportional hazards 
model to further examine the effects of the treatment cen-
ters on survival differences, with disease progression as 
time zero (Table 3). The rate of survival after progression 
in center B was 60% higher at any time than the rate of 
survival in center A (HR 1.59, 95% CI 1.17–2.15). When 
second-line treatment (“yes/no”) was added to the model, 
the treating center was no longer significant (HR 0.97, 
95% CI 0.62–1.50; p = 0.88), indicating that the effect of 
the treatment center was due to the treatment strategy fa-
vored and not other unexplored differences in care quality.

Discussion
In this comparative cohort study of patients with newly 

diagnosed primary GBMs, a significant survival benefit 
was observed for patients treated at a hospital advocating 
second-line, tumor-specific treatment recommended by 
an interdisciplinary tumor board, as opposed to patients 
treated at a hospital with a more conservative approach fa-
voring supportive care at recurrence, decided by the treat-
ing physician.

Currently, no standard of care is established for recur-
rent or progressive GBM. Studies comparing various sec-
ond-line treatment strategies or studies trying to identify 
effective therapies are plagued by the lack of appropriate 
control arms or by selection bias.26,29 Furthermore, the 
question of whether further treatment of the recurrent or 
progressive disease should generally be pursued or not has 
never been addressed. The aggressive nature of the dis-
ease, the need for the patients and their relatives to “not 
give up,” and strong but very diverse regional treatment 
traditions make it very hard to conduct a relevant random-
ized study.

Our study takes advantage of the natural differences 
that result from discrepant management strategies of re-
current GBM in two centers that are very similar regarding 
the volume of treated patients and the first-line treatment 
strategies but vary considerably regarding patient man-
agement and approach upon disease progression. Center 
B has an interdisciplinary tumor board that meets once a 
week, where over 95% of central nervous system tumors 
are discussed. In Greece, the infrastructure of the health-
care system often necessitates that radiation therapy and 
chemotherapy take place in separate oncological hospitals, 
making it difficult to establish regular tumor boards. The 
physician responsible for deciding on further treatment 
remains the neurosurgeon or sometimes the oncologist. 
After recurrence, in center A, patients are usually offered 
supportive treatment and in those cases in which addition-
al therapy is offered, it is almost always monotherapy. In 
contrast, in center B, patients are usually treated further, 
after taking into account factors such as age, performance 
status, timing of previous treatments, and so on. This dif-
ference in treatment philosophies allows one to study the 
effect of second-line treatment in contrast to supportive 
treatment alone. Such an effect cannot be distilled from 
studies that compare patients who received tumor-specific 
therapy against those who did not, because this separation 
is usually based on particular, although ill-defined, crite-
ria. For example, it has already been shown that younger 
patients with a good KPS score and long treatment-free 
intervals are more likely to receive further treatment.8,11,21 
A comparison of data published before and after the im-
plementation of the Stupp protocol is also problematic due 
to the positive effect of temozolomide at primary treat-
ment.6,14 Since some patients were treated in both centers 
contrary to the usual local treatment strategy, the observed 
difference in OS is probably an underestimation of the true 
benefit of second-line treatment compared to supportive 
care alone.

We tried to minimize discrepancies in patient selection 
by excluding biopsies or surgeries where the primary goal 
was just relieving intracranial pressure and not complete 

TABLE 3. Cox proportional hazards model: multivariate 
regression analysis of factors related to SaP

Factor HR 95% CI p Value

Treatment center 1.59 1.17–2.15 0.002
KPS score at progression 0.95 0.94–0.97 <0.001
Age 1.04 1.03–1.05 <0.001

FIG. 2. Kaplan-Meier curve for PFS between center A and center B, 
showing no difference in PFS between the two centers (p = 0.97). Hash 
marks indicate censored cases.
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resection of the contrast-enhancing tumor. This allows for 
evaluation of a homogeneous patient population and con-
trols for significant bias. Additionally, the fact that the PFS 
was very similar for both patient groups and the fact that 
the two cohorts were also similar with respect to baseline 
characteristics suggest similar resection rates for both co-
horts.

The focus of this study was not to identify the optimal 
treatment modality for GBM progression. The focus was 
the comparison of two fundamentally different treatment 
strategies once the tumor progressed. Although center B 
more frequently treated GBM recurrence(s), the treatment 
modalities offered were highly heterogeneous. This can of 
course be explained by the fact that each decision was indi-
vidualized, based on nonstandardized criteria such as age, 
previous treatments, current tumor burden, clinical condi-
tion, wish of the patient, and so on. Another important rea-
son is the fact that as patients were treated over the years, 
experience was gained and beliefs were validated or reject-
ed from accumulating evidence. For example, although the 
effect of repeat surgery remains unclear, a number of retro-
spective studies suggested a survival benefit from reopera-
tion.1,10,13 Post hoc analysis of the prospective DIRECTOR 
trial showed that complete resection of the tumor was as-
sociated with improved survival for recurrent GBM.24 In 
our study, of the patients who had their progression treated, 
55% at center A and 59% at center B underwent reopera-
tion, which reflects the belief that repeat surgery offers a 
therapeutic effect, in addition to the benefit of collecting 
tumor tissue. Regarding repeat irradiation, it was offered 
more frequently and more generously in center B. This 
is due to not only published data reporting on the safety 
of this treatment but also accumulating in-house experi-
ence.3,17 The combination of lomustine and bevacizumab 
was a frequent option in center B, particularly after the 
results of the BELOB phase II randomized trial. However, 
after these promising results could not be confirmed in the 
EORTC 26101 trial and after bevacizumab failed to ac-
quire approval in Germany, the use of bevacizumab, either 
alone or in combination with another agent, is restricted to 
patients for whom other options have failed.2,25

Another important difference between the two centers 
is implementing various combinations of treatment mo-
dalities as opposed to monotherapy. The majority (75%) 
of patients treated in center A received only a single mo-
dality (usually surgery), while 64% of patients in center 
B were treated with a combination of various modalities. 
This reflects the belief at center B that patients with GBM 
progression should receive maximal treatment, but it also 
mirrors the uncertainty regarding which therapy works 
best and with what combination.

The effect of the tumor board itself also needs to be 
addressed. Although an interdisciplinary setting by no 
means corresponds to “therapy” and of course it cannot, 
and should not, be quantified as such, such a collabora-
tive approach allows for a much faster diffusion of cur-
rent knowledge and experience. This in turn translates into 
quicker implementation of current treatments and facili-
tates setting up combinations of treatment modalities.

Our study has several limitations, the most important 
being its retrospective nature. We observed that patients in 

center A were less strict in adhering to the 3-month control 
intervals, which could lead to an overestimation of the PFS 
and could account for the nonsignificant difference of 0.4 
months in favor of center A. In contrast, survival after pro-
gression assesses death as endpoint, which does not allow 
for bias other than death due to non–tumor-related causes.

Another issue that becomes very relevant when discuss-
ing repeated treatment is the quality of life (QOL).19 While 
repeat treatment may prolong survival, it may do so at the 
cost of lowering QOL, especially when treating subse-
quent recurrences. Since no QOL data were collected, no 
conclusion can be drawn on this subject.

The noncentralized review of the tissue samples and 
imaging studies is a further source of bias. Although in 
both centers diagnosis was established by an experienced 
neuropathologist, we cannot exclude diagnostic errors, 
particularly the inclusion of cases of secondary GBMs. 
However, although molecular determination of IDH mu-
tations was performed selectively, we saw no difference 
in the number of IDH-mutated GBMs between the two 
groups; since the PFS did not differ significantly, we be-
lieve that contamination of our cohorts with falsely diag-
nosed tumors was equally low. Furthermore, data on the 
methylation status of the O6-methylguanine-DNA meth-
yltransferase (MGMT) promoter was only available for 
German patients. Although we cannot be sure that the dis-
tribution of MGMT-positive and MGMT-negative patients 
was similar, no data exist to suggest a discrepant ratio of 
MGMT-positive to MGMT-negative patients between var-
ious geographical regions.

Conclusions
Treatment strategy favoring second-line treatment over 

minimal treatment or supportive care for GBM recurrence 
or progression is associated with significantly better sur-
vival after progression.
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