
Abstract. Background/Aim: Many patients with glioblastoma 
experience an intracerebral recurrence and require a 
personalized treatment. This study aimed to facilitate this 
approach by identifying prognostic factors for progression-free 
survival (PFS) and overall survival (OS). Patients and 
Methods: In 102 patients with recurrent glioblastoma following 
primary treatment with resection or biopsy plus adjuvant 
chemoradiation, 11 characteristics were retrospectively 
investigated regarding PFS and OS. Results: In the multivariate 
analyses, Karnofsky performance score (KPS) 90-100 at the 
time of recurrence (p=0.032), maximum cumulative diameter of 
recurrent lesions ≤40 mm (p=0.002), resection of recurrent 
glioblastoma (p=0.025), and systemic therapy for recurrent 
glioblastoma (p=0.025) were significantly associated with 
improved PFS. In addition, KPS 90-100 (p=0.024), maximum 
cumulative diameter ≤40 mm (p=0.033), and systemic therapy 
(p=0.006) were significantly associated with better OS. 
Conclusion: Our study identified high Karnofsky Performance 
Status (KPS 90-100), maximum cumulative diameter of 
recurrent glioblastoma lesions ≤40 mm, and systemic therapy 
for recurrent glioblastoma as independent predictors of overall 
survival (OS) and progression-free survival (PFS). These 
independent prognostic factors may help select the most suitable 
treatment for individual patients with recurrent glioblastoma, 
potentially improving patient outcomes.   
 
Glioblastoma is the most aggressive primary brain tumor in 
adults (1, 2). For almost 20 years, standard primary treatment 
of glioblastoma includes maximum possible resection 

followed by chemoradiation with temozolomide (TMZ) and 
subsequent maintenance chemotherapy with six additional 
cycles of TMZ (3). More recently, selected patients are offered 
additional therapy with tumor treating fields (TTF) (4). 
Although these developments in the treatment of glioblastoma 
have led to improved outcomes, many patients experience an 
intracerebral recurrence of their disease within one year (5, 6).  

Currently, the optimal treatment of recurrent glioblastoma is 
still under debate (2). Treatment options generally include re-
resection, re-irradiation, and second-line systemic therapy (1). 
For selected patients, best supportive care alone plus 
corticosteroids may also be considered (2). Selection of the 
most suitable treatment for an individual patient with recurrent 
glioblastoma should always consider the patient’s specific 
situation and survival prognosis. Thus, the knowledge of 
prognostic factors can help the corresponding selection process. 
Studies that investigated potential prognostic factors for overall 
survival (OS) in patients with recurrent glioblastoma or 
recurrent malignant glioma produced some conflicting results 
(2, 7-29). Therefore, additional investigations are required. This 
study evaluated 11 patient-, tumor-, or treatment-related 
characteristics for associations with OS or progression-free 
survival (PFS) in patients who developed a recurrence of 
glioblastoma following neurosurgical intervention and adjuvant 
chemoradiation.     

 
Patients and Methods 
 
One-hundred-and-two patients who developed a recurrence of 
glioblastoma between 2014 and 2024 were included in this 
retrospective study that received approval from the Ethics Committee 
at the University of Lübeck, Germany (file number 2022-509). Primary 
treatment included surgical intervention, which was gross total resection 
(GTR) in 35 patients, subtotal resection (STR) in 46 patients, and 
biopsy in 21 patients, followed by chemoradiation with TMZ (100 
patients) or radiotherapy alone (two patients). Radiotherapy was 
performed with 59.4 Gy in 33 fractions of 1.8 Gy in 67 patients, 60 Gy 
in 30 fractions of 2.0 Gy in 28 patients, or 45 to 57.6 Gy in 25 to 33 
fractions of 1.8 Gy in seven patients, respectively.  
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At the time of recurrence, 34 patients received a resection of their 
recurrent glioblastoma lesions, which was GTR in 14 patients and 
STR in 20 patients. Twenty-two patients were irradiated for their 
recurrent glioblastoma (re-irradiation). Fifteen of these patients 
received hyper-fractionated or accelerated hyper-fractionated 
radiotherapy with two fractions of 1.1-1.5 Gy per day, with or 
without a simultaneous integrated boost, and total doses of 21-42 
Gy. Five patients were treated with one fraction of 1.6-2.5 Gy per 
day up to 30.4-55.8 Gy. One patient received 15×3.0 Gy with heavy 
ions; in one patient treated with one fraction of 1.6 Gy per day, 
radiotherapy was stopped after only 4.8 Gy. Sixty-seven of the 102 
patients received systemic therapy for recurrent glioblastoma. 
Regimens included chemotherapy with TMZ alone in 33 patients, 
procarbazine/lomustine (PC) in 22 patients, TMZ plus lomustine in 
two patients, TMZ plus PC in two patients, PC/vincristine (PCV) in 
two patients, lomustine alone in two patients, PC plus monoclonal 
antibody bevacizumab in one patient, and TMZ plus PC and 
bevacizumab in one patient. Moreover, two patients received 
bevacizumab alone.       

In the entire cohort, 11 characteristics (Table I) were investigated 
for potential associations with PFS and OS. These characteristics 
included age at the time of recurrence (≤60 vs. ≥61 years, median 
age=60.5 years), sex (female vs. male), Karnofsky performance 
score (KPS) at the time of recurrence (≤80 vs. 90-100), interval 
between last day of primary irradiation and diagnosis of recurrent 
glioblastoma (≤5 vs. ≥6 months, median interval=5 months), number 
of recurrent glioblastoma lesions (1 vs. ≥2), maximum cumulative 
diameter of recurrent glioblastoma lesion(s) (≤40 vs. >40 mm), 
site(s) of recurrent glioblastoma lesion(s) (old vs. new vs. both), 
resection of recurrent glioblastoma lesions(s) (no vs. yes), re-
irradiation of recurrent glioblastoma lesions(s) (no vs. yes), systemic 
therapy for recurrent glioblastoma lesions(s) (no vs. yes), and TTF 
for recurrent glioblastoma lesions(s) (no vs. yes), 

PFS and OS were calculated from the day of the diagnosis of 
recurrent glioblastoma. Univariate analyses were performed with the 
Kaplan–Meier method and the log-rank test. After Bonferroni 
correction (11 tests), p-values <0.0045 were considered significant 
representing an alpha level of <5%. In addition, p-values <0.05 were 
considered indicating a trend for associations with PFS or OS. 
Factors found to be significant or indicating a trend were additionally 
included in a Cox proportional hazards model (multivariate analysis), 
where p-values <0.05 were considered significant indicating 
independence of the corresponding predictors of PFS or OS. 

 

Results 
 
Median follow-up times after the diagnosis of recurrent 
glioblastoma were 7.25 months (range=0-41.5 months) in the 
entire cohort and 12 months (range=3-41.5 months) in those 
patients alive at the last follow-up.  

On univariate analyses, better PFS was significantly 
associated with KPS 90-100 (p<0.001), maximum 
cumulative diameter of recurrent glioblastoma lesion(s) ≤40 
mm (p<0.001), and systemic therapy for recurrent 
glioblastoma lesions(s) (p<0.001). In addition, a trend was 
found for resection of the recurrent glioblastoma lesions(s) 
(p=0.017). The complete results of the univariate analyses 
of PFS are shown in Table II. In the multivariate analysis of 

PFS (Table III), improved outcomes were significantly 
associated with KPS 90-100 (p=0.032), maximum 
cumulative diameter of recurrent glioblastoma lesion(s) ≤40 
mm (p=0.002), resection of the recurrent glioblastoma 
lesions(s) (p=0.025), and systemic therapy for recurrent 
glioblastoma lesions(s) (p<0.001).  

On univariate analyses, better OS was significantly 
associated with KPS 90-100 (p<0.001), maximum 
cumulative diameter of recurrent glioblastoma lesion(s) ≤40 
mm (p<0.001), and systemic therapy for recurrent 
glioblastoma lesions(s) (p<0.001). Trends were found for 
single lesion of recurrent glioblastoma (p=0.012), recurrence 
of glioblastoma in old (=primary) site(s) of glioblastoma 
(p=0.048), and re-irradiation of recurrent glioblastoma 
(p=0.037). The complete results of the univariate analyses 
of OS are summarized in Table IV. In the multivariate 
analysis of OS (Table V), improved outcomes were 
significantly associated with KPS 90-100 (p=0.024), 
maximum cumulative diameter of recurrent glioblastoma 
lesion(s) ≤40 mm (p=0.033), and systemic therapy for 
recurrent glioblastoma lesions(s) (p=0.006). 
 
Discussion 
 
Many patients with glioblastoma develop a recurrence or 
progression within the first year after standard treatment 
including resection followed by chemoradiation and 
maintenance chemotherapy (5, 6). The optimal treatment for 
recurrent glioblastoma needs further clarification. Outcomes 
of patients with recurrent glioblastoma may be improved by 
using personalized treatment regimens. Optimal treatment 
personalization should consider several individual factors 
including the patient’s expected remaining OS time. Thus, 
significant predictors of OS can be helpful when aiming to 
select a personalized treatment approach for recurrent 
glioblastoma.  

Previous studies that investigated potential prognostic 
factors of OS specifically for patients with recurrent 
glioblastoma (grade IV glioma) have produced partially 
conflicting results (2, 8-23). In 2012, Bloch et al. presented 
a retrospective study of 107 patients who received resection 
of recurrent glioblastoma (8). KPS >70, younger age, and 
GTR were identified as independent predictors of better OS. 
In the same year, Gorlia et al. reported data of 300 patients 
with recurrent glioblastoma previously included in 
prospective trials (9). Better performance status, maximum 
diameter of the largest lesion <42 mm, a single lesion, and 
predominant frontal location were significantly associated 
with better OS, whereas age was not an independent predictor 
of OS. In a retrospective study of 100 patients treated with 
bevacizumab for recurrent glioblastoma, improved OS was 
associated with KPS ≥70 on multivariate analysis, whereas 
age, tumor size, or interval between initial diagnosis and 
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recurrence of glioblastoma had no significant impact (10). In 
the retrospective study of Franceschi et al. that investigated 
the impact of resection of recurrent glioblastoma on OS, 
better OS was significantly associated with younger age and 
MGMT (O6-methylguanine-DNA methyl-transferase) 
promoter methylation but not with resection of the recurrent 
lesions (11). In another retrospective study of patients treated 
with bevacizumab for recurrent glioblastoma (n=174), OS 
was positively associated with KPS ≥80 and addition of 
irinotecan but not with age, MGMT promoter methylation, or 
resection of the recurrent lesions (12). Urup et al. identified 
only multifocal disease, need for corticosteroids, and presence 
of neuro-cognitive deficits to be negatively associated with 
OS in a cohort of 219 patients receiving bevacizumab and 
irinotecan for recurrent glioblastoma (13). Azoulay et al. 
found in their retrospective study of 180 patients with 
recurrent glioblastoma that resection plus salvage 
chemotherapy and/or radiotherapy led to improved OS (14). 
Moreover, age ≤65 years at the time of recurrence and 
MGMT promoter methylation were positively associated with 
OS. In another retrospective study of 64 patients with 
recurrent glioblastoma, improved OS was significantly 
associated with age ≤60 years, KPS 90-100, GTR, and 

adjuvant treatment, particularly concurrent chemoradiation 
(15). MGMT promoter methylation and location of recurrent 
glioblastoma had no significant impact on OS in this study. 
In 2018, Audureau et al. developed a decision-tree based 
model of OS of patients with recurrent glioblastoma based on 
independent predictors of worse outcomes, namely increasing 
age at diagnosis, decreasing KPS at the time of recurrence, 
and improved outcomes, namely neurosurgical resection and 
chemotherapy (16). In 2019, Sharma et al. presented the data 
of 53 patients receiving stereotactic radiosurgery for recurrent 
glioblastoma (17). On both univariate and multivariate 
analyses, better OS was significantly associated with KPS 
≥80 and cumulative tumor volume <15 cc. Seyve et al. found 
that a longer interval between initial diagnosis of 
glioblastoma and the time of recurrence (>11 vs. ≤11 months) 
and resection of recurrent glioblastoma were independent 
predictors of longer OS after recurrence (18). In contrast, age, 
KPS, and tumor size did not improve OS in the group of 
patients receiving resection of their recurrent glioblastoma. In 
a retrospective study of our group in 28 patients re-irradiated 
for recurrent glioblastoma, frontal location and higher 
cumulative radiation dose were independent prognostic 
factors of OS (19). In addition, trends were found for KPS 
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Table I. Characteristics analyzed for associations with progression-free survival and overall survival following the diagnosis of recurrent 
glioblastoma. 
 
Characteristic                                                                                                                                Subgroup                                     Number of patients (%) 
 
Age at the time of recurrence                                                                                                      ≤60 Years                                                51 (50) 
                                                                                                                                                      ≥61 Years                                                51 (50) 
Sex                                                                                                                                                Female                                                     42 (41) 
                                                                                                                                                      Male                                                        60 (59) 
Karnofsky performance score at the time of recurrence                                                           ≤80                                                           60 (59) 
                                                                                                                                                      90-100                                                     42 (41) 
Interval between primary radiotherapy and diagnosis of recurrent glioblastoma                    ≤5 Months                                               53 (52) 
                                                                                                                                                      ≥6 Months                                               49 (48) 
Number of recurrent lesions                                                                                                        1                                                               58 (57) 
                                                                                                                                                      ≥2                                                             41 (40) 
                                                                                                                                                      Unknown                                                   3 (3) 
Maximum cumulative diameter of recurrent lesion(s)                                                               ≤40 mm                                                   46 (45) 
                                                                                                                                                      >40 mm                                                   53 (52) 
                                                                                                                                                      Unknown                                                   3 (3) 
Site(s) of recurrent lesion(s)                                                                                                        Old site(s)                                                71 (70) 
                                                                                                                                                      New site(s)                                              11 (11) 
                                                                                                                                                      Both                                                         17 (17) 
                                                                                                                                                      Unknown                                                   3 (3) 
Resection of recurrent lesion(s)                                                                                                  No                                                            68 (67) 
                                                                                                                                                      Yes                                                           34 (33) 
Re-irradiation of recurrent lesion(s)                                                                                           No                                                            80 (79) 
                                                                                                                                                      Yes                                                           22 (21) 
Systemic therapy for recurrent lesion(s)                                                                                     No                                                            33 (32) 
                                                                                                                                                      Yes                                                           67 (66) 
                                                                                                                                                      Unknown                                                   2 (2) 
Tumor treating fields for recurrent lesion(s)                                                                              No                                                            96 (94) 
                                                                                                                                                      Yes                                                             6 (6)



80-100 and dose of re-irradiation on multivariate analysis, 
and GTR was significant on univariate analysis. Age and 
interval between primary radiotherapy and recurrence had no 
significant impact on OS. In the retrospective study of Barz 
et al. performed in 123 patients receiving resection of 
recurrent glioblastoma, pre-operative KPS ≥80 and GTR were 
significantly associated with better OS (20). In 2022, Furtak 
et al. presented the results of a prospective study of 165 
patients receiving re-resection for recurrent glioblastoma (21). 
Younger age, absence of symptoms of increased intracranial 
pressure, and a longer interval between first and second 
surgery were independent predictors of longer OS. In the 
same year, Hennessy et al. used data from a national neuro-
oncological registry to identify predictors of OS after re-
resection of recurrent glioblastoma (2). Associations with 

improved OS were found for MGMT promoter methylation, 
KPS ≥70, and a longer interval between first and second 
resection. In addition, trends for such associations were 
observed for younger age and GTR. In 2023, You et al. 
investigated the option of re-irradiation plus bevacizumab for 
recurrent glioblastoma after treatment with bevacizumab in a 
retrospective series of 64 patients (22). On univariate 
analyses, higher KPS, smaller volume of radiotherapy, and 
re-resection were associated with better OS. On multivariate 
analysis, only the volume of radiotherapy remained 
significant. In 2024, Hansen et al. presented a retrospective 
study of 66 patients receiving repeat resection for recurrent 
glioblastoma (23). Better post-operative OS was significantly 
associated with younger age, tumor volume <50 cc, absence 
of ependymal involvement, lower Ki67 labeling index, pre-
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Table III. Multivariate analysis of progression-free survival following the diagnosis of recurrent glioblastoma. 
 
Characteristic                                                                                            Hazard ratio                         95% Confidence interval                         p-Value 
 
Karnofsky performance score (≤80 vs. 90-100)                                            0.59                                             0.36-0.95                                        0.032 
Maximum cumulative diameter (≤40 vs. >40 mm)                                       2.18                                             1.33-3.58                                        0.002 
Resection of recurrent lesion(s) (no vs. yes)                                                 0.57                                             0.34-0.93                                        0.025 
Systemic therapy for recurrent lesion(s) (no vs. yes)                                   0.31                                             0.18-0.52                                     <0.001 
 
Significant p-values are given in bold. 

Table II. Progression-free survival rates at 6 and 12 months following the diagnosis of recurrent glioblastoma (univariate analyses).  
 
Characteristic                                                                                                               Subgroup            At 6 months (%)      At 12 months (%)     p-Value 
 
Age at the time of recurrence                                                                                     ≤60 Years                        33                             13                      0.96 
                                                                                                                                     ≥61 Years                        30                             22 
Sex                                                                                                                                Female                            31                             20                      0.77 
                                                                                                                                     Male                                31                             14 
Karnofsky performance score at the time of recurrence                                          ≤80                                  18                             10                   <0.001 
                                                                                                                                     90-100                            49                             26 
Interval between primary radiotherapy and diagnosis of recurrent glioblastoma   ≤5 Months                      28                             17                      0.44 
                                                                                                                                     ≥6 Months                      34                             16 
Number of recurrent lesions                                                                                       1                                      36                             20                      0.11 
                                                                                                                                     ≥2                                    26                             14 
Maximum cumulative diameter of recurrent lesion(s)                                              ≤40 mm                          51                             30                   <0.001 
                                                                                                                                     >40 mm                          15                               7 
Site(s) of recurrent lesion(s)                                                                                       Old site(s)                       34                             20                      0.41 
                                                                                                                                     New site(s)                     21                               0 
                                                                                                                                     Both                                33                             16 
Resection of recurrent lesion(s)                                                                                  No                                   20                             12                      0.017 
                                                                                                                                     Yes                                  53                             25 
Re-irradiation of recurrent lesion(s)                                                                           No                                   29                             19                      0.46 
                                                                                                                                     Yes                                  40                               6 
Systemic therapy for recurrent lesion(s)                                                                    No                                   14                             10                   <0.001 
                                                                                                                                     Yes                                  38                             20 
Tumor treating fields for recurrent lesion(s)                                                             No                                   32                             18                      0.25 
                                                                                                                                     Yes                                  17                               0 
 
After Bonferroni adjustment, p-values <0.0045 are considered significant and given in bold; p-values <0.05 indicate a trend. 



operative KPS ≥70, and no decrease of KPS following re-
resection, whereas MGMT promoter methylation had no 
significant impact on OS. In addition to these studies that 
focused on patients with recurrent glioblastoma (grade IV 
glioma), groups from Germany presented different survival 
scores based on data from patients re-irradiated for malignant 
glioma of different grades including grade III and lower grade 
gliomas (24-29). In the multivariate analyses of the 
corresponding studies, no factor, two factors (age, grade), two 
factors (age, KPS), three factors (age, grade, KPS), three 
factors (KPS, MGMT promoter methylation, radiation dose), 
and four factors (age, grade, KPS, interval between both 
radiotherapy courses), respectively, were identified as 
independent predictors of OS (24-29). 

Considering these partially conflicting data from the 
available literature, it becomes obvious that additional studies 
aiming to identify prognostic factors of OS in patients with 
recurrent glioblastoma are necessary. Therefore, our present 
study was performed. According to its results, improved OS 
was independently associated with KPS 90-100, maximum 
cumulative diameter of recurrent glioblastoma lesion(s) ≤40 
mm, and systemic therapy for recurrent glioblastoma. 
Considering a Bonferroni correction for multiple tests, 
additional trends for associations with better OS were found 
on univariate analyses for single lesion of recurrent 
glioblastoma, recurrence of glioblastoma in old site(s), and re-
irradiation of recurrent glioblastoma. Five of these prognostic 
factors agree with the results of several previous studies 
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Table IV. Overall survival rates at 6 and 12 months following the diagnosis of recurrent glioblastoma (univariate analyses).  
 
Characteristic                                                                                                               Subgroup            At 6 months (%)      At 12 months (%)     p-Value 
 
Age at the time of recurrence                                                                                     ≤60 Years                        62                             40                      0.79 
                                                                                                                                     ≥61 Years                        58                             41 
Sex                                                                                                                                Female                            54                             40                      0.80 
                                                                                                                                     Male                                65                             41 
Karnofsky performance score at the time of recurrence                                          ≤80                                  45                             24                   <0.001 
                                                                                                                                     90-100                            81                             64 
Interval between primary radiotherapy and diagnosis of recurrent glioblastoma   ≤5 Months                      57                             37                      0.16 
                                                                                                                                     ≥6 Months                      64                             46 
Number of recurrent lesions                                                                                       1                                      67                             47                      0.012 
                                                                                                                                     ≥2                                    55                             34 
Maximum cumulative diameter of recurrent lesion(s)                                              ≤40 mm                          80                             60                   <0.001 
                                                                                                                                     >40 mm                          46                             26 
Site(s) of recurrent lesion(s)                                                                                       Old site(s)                       66                             47                      0.048 
                                                                                                                                     New site(s)                     52                             14 
                                                                                                                                     Both                                52                             36 
Resection of recurrent lesion(s)                                                                                  No                                   53                             34                      0.18 
                                                                                                                                     Yes                                  74                             53                         
Re-irradiation of recurrent lesion(s)                                                                           No                                   56                             36                      0.037 
                                                                                                                                     Yes                                  77                             58 
Systemic therapy for recurrent lesion(s)                                                                    No                                   39                             22                   <0.001 
                                                                                                                                     Yes                                  70                             49 
Tumor treating fields for recurrent lesion(s)                                                             No                                   62                             41                      0.19 
                                                                                                                                     Yes                                  33                             33                         
 
After Bonferroni adjustment, p-values <0.0045 are considered significant and given in bold; p-values <0.05 indicate a trend. 

Table V. Multivariate analysis of overall survival following the diagnosis of recurrent glioblastoma. 
 
Characteristic                                                                                            Hazard ratio                         95% Confidence interval                         p-Value 
 
Karnofsky performance score (≤80 vs. 90-100)                                            0.53                                             0.30-0.92                                        0.024 
Number of recurrent lesion(s) (1 vs. ≥2)                                                       1.29                                             0.69-2.41                                        0.42 
Maximum cumulative diameter (≤40 vs. >40 mm)                                       1.84                                             1.05-3.23                                        0.033 
Site(s) of recurrent lesion(s) (old vs. new vs. both)                                      1.26                                             0.88-1.80                                        0.20 
Re-RT of recurrent lesion(s) (no vs. yes)                                                       0.73                                             0.36-1.51                                        0.40 
Systemic therapy for recurrent lesion(s) (no vs. yes)                                   0.49                                             0.30-0.81                                        0.006 
 
Significant p-values are given in bold. 



focusing on glioblastoma that are discussed above (2, 8-10, 
12-17, 20, 22, 23). Recurrence of glioblastoma in old site(s) 
was identified as potential prognostic factor of better OS for 
the first time.  

In general, patients with unfavorable prognostic factors and 
a very poor estimated survival may be considered for best 
supportive care including corticosteroids instead of invasive 
and aggressive treatments, particularly neurosurgical resections, 
that may impair the patients’ quality of life. Patients with poor 
prognoses may be considered for little burdensome palliative 
treatment, which may include hypo-fractionated short-course 
radiotherapy and moderate systemic therapy. On the other 
hand, patients with favorable survival prognoses can benefit 
from more aggressive multimodal treatment including 
maximum safely possible re-resection followed by adjuvant 
chemoradiation. However, a second course of radiotherapy 
may not be safely possible due to primary radiotherapy with 
doses of approximately 60 Gy. When aiming to perform re-
irradiation, the tolerance doses of organs at risk, such as the 
brain stem, cochlea, optic chiasm, and optic nerves must be 
considered (30, 31). 

When considering these recommendations, the limitations 
of our present study and previous studies need to be 
respected. Almost all of these studies were retrospective in 
nature and, therefore, bear the risk of hidden selection biases. 
An additional limitation of our study is the fact that the 
MGMT promoter methylation was not investigated, since it 
was available at the time of recurrence only for a few 
patients (18). It appeared not reasonable to use the MGMT 
promoter methylation of the primary glioblastoma, since it 
has been shown that the methylation status can change 
between primary and recurrent glioblastoma (32). Moreover, 
the size of the recurrent lesion was sometimes difficult to 
define absolute precisely because of alteration of brain tissue 
as a consequence of previous surgery or radiotherapy. 

In addition to predictors of OS, we aimed to identify 
independent prognostic factors of PFS, which was done 
only in very few studies before (9, 15, 17). In the 
multivariate analysis of our study, better PFS was 
significantly associated with KPS 90-100, maximum 
cumulative diameter of recurrent glioblastoma lesion(s) ≤40 
mm, resection of recurrent lesions(s), and systemic therapy 
for recurrent glioblastoma. In the previous three studies, 
higher KPS, smaller tumor volume, single lesion of 
glioblastoma, younger age, and/or adjuvant therapy after 
resection of recurrent glioblastoma were identified as 
independent predictors of improved PFS (9, 15, 17). 
Moreover, one study showed a trend for GTR with respect 
to better PFS (15). These prognostic factors may be used 
to discuss individual prognoses and expected treatment 
results with the patients and their relatives. This may be 
helpful when they have to make decisions for or against 
potential treatment options. However, the same limitations 

apply regarding the use of prognostic factors of PFS as for 
prognostic factors of OS. The data regarding PFS should be 
considered with even more caution than the data regarding 
OS, since the number of available studies investigating PFS 
is considerably lower.        

In conclusion, given the limitations of this study, 
independent predictors of PFS and OS were identified. These 
factors may support physicians who aim to select the most 
suitable treatment for an individual patient with recurrent 
glioblastoma. Our results should be validated in a prospective 
clinical trial.    
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