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a b s t r a c t

Glioblastoma multiforme (GBM) is the most common and fatal brain tumor in adults. Prognosis remains
dismal and median overall survival rarely exceeds 12 months. In this study, we evaluated the de-
mographic and clinical features of Turkish glioblastoma patients from single institute to identify the
important prognostic factors which might be related with patient outcomes in this population, retro-
spectively. Demographic data, clinicopathological data and treatment parameters (i.e. extent of surgical
resection, radiotherapy and use of chemotherapy) were obtained from medical records. SPSS version 22
was used for all statistical analyses. The median progression-free survival and overall survival was 9,9
and 13,7 months; respectively. The group of patients with the highest mean overall survival had a tumor
at the fronto-temporal region, followed by frontal localization. In univariate analysis, age, concurrent
chemoradiotherapy and adjuvant temozolomide use were all predictors for both PFS and OS. However, in
multivariate analysis, age and concurrent radiotherapy were significant predictors of survival. Patients
receiving cyberknife after recurrence had longer OS. We retrospectively evaluated glioblastoma patients
from single institute, the results supported previously reported factors that influence survival time in
glioblastoma.

© 2017 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Glioblastomamultiforme (GBM) is the most commonmalignant
brain tumor in adults. Prognosis is dismal and the median overall
survival is around 12 months despite advances in treatment mo-
dalities.1 The standard therapy is a combined modality approach
which consists of maximal safe surgical resection of primary tumor,
and subsequently radiotherapy with concomitant and adjuvant
temozolomide.2e4 Advances in surgery and radiotherapy tech-
niques and the addition of chemotherapy to treatment resulted
in better local control, and also prolongation of survival in recent
years. However; the disease almost always recur and long-term
survival rarely occurs. Treatment options are limited after disease
recurrence. New approaches include antiangiogenic therapy,
immunotherapy, targeted molecular therapy, gene therapy, and
radiation-enhancement therapies and under investigation in
various clinical trials.5

Clinical factors such as age at presentation, tumor location,
Karnofsky performance status, the extent of surgery and
ty of Medical Oncology.
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histopathological factors are important prognostic factors for
GBM.6 In this study, we retrospectively analysed the clinical and
demographic features of Turkish glioblastoma patients from single
institute to identify the important prognostic factors which might
be related with patient outcomes in this population.

2. Methods

This retrospective, single-center study was achieved in the ra-
diation oncology and medical oncology departments at Samsun
Training Hospital. Patients who were diagnosed between January
2012 to December 2016 were enrolled the study. Local Ethics
Committee approved the study.

Demographic data, clinicopathological data and treatment pa-
rameters (i.e. extent of surgical resection, radiotherapy and use of
chemotherapy) were obtained from medical records. Data on pa-
tient death was obtained from the National Registry of Death Sys-
tem, Turkey.

2.1. Statistical analysis

Progression-free survival (PFS) was determined as the duration
between initial surgery and progressive disease or death. Overall
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Table 2
Treatments in recurrence.

First line 45
Cyberknife 22 (48,9%)
Operation 16 (35,6%)
Irınotecan þ bevacizumab 5 (11,1%)
Temozolomide 2 (4,4%)

Second line 18
Irınotecanþbevacizumab 10 (55.6%)
Cyberknife 4 (22.2%)
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survival (OS) was described as the time from the diagnosis date to
death, or to the last follow-up for surviving patients. Statistical
evaluations was performed using Statistical Package for Social
Sciences for Windows version 23 [SPSS Inc; Chicago, IL, USA]
software package. Kaplan-Meier curves were used to calculate the
overall survival OS and PFS. Log-rank test was used for univariate
analyses. Multivariate linear regression analyse was made to eval-
uate independent variables for overall survival. A p value less than
0.05 was considered statistically significant.
Temozolomide 3 (16.7%)
Chemoradiotherapy 1 (5.6%)

Third line 8
Cyberknife 4 (50%)
Irınotecan þ bevacizumab 2 (25%)
Temozolomide 2 (25%)

Fig. 1. Progression free survival for study population.
3. Results

A total of 99 patients diagnosed with GBM are included in the
present study: 50 (50.5%) males and 49 (49.5%) females. Median
age of patients were 57 and median tumor diameter was 40 mm.
Tumor and treatment characteristics are described in Table 1.

Most of the patients had received concurrent chemo-
radiotherapy after operation. The majority of patients (n ¼ 70/99)
received subsequent temozolomide, and 70% of patients completed
their chemotherapy regimen (see Table 2).

Patients received first, second and third line treatment after
recurrence, 45,5%, 18,2%, 8,1%; respectively. Cyberknife stereotactic
radiotherapy was the most preferred first-line treatment regimen
after disease progression. Patients mostly received irinotecan and
bevacizumab chemotherapy in second line setting. Only a few pa-
tients could able to take a third line treatment as a result of pa-
tient's overall clinical worse condition.

The median follow up time was 12 months (3e55 months). The
median progression free survival (PFS) was 9,9 months (Fig. 1). PFS
was not statistically different according to gender, localization and
operation type. Concurrent chemoradiotherapy resulted with a
longer PFS compared with radiotherapy alone. Patients who
received adjuvant temozolamide had longer PFS than patients who
did not take temozolamide (11,9 vs 8,3 months).

Overall survival was 13,7 in the whole study population; 12,3
months in women and 15,1 months in men (p; 0.4)(Fig. 2). Patients
with secondary tumors (progression from low-grade diffuse as-
trocytoma or anaplastic astrocytoma) lived longer than primary
glioblastomas but the difference was not statistically significant
Table 1
Tumor and treatment characteristics.

Tumor site Temporal 28 (28.3%)
Parietal 16 (16.2%)
Frontal 15 (15.2%)
Frontoparietal 12 (12.1%)
Parietooccipital 10 (10.1%)
Frontotemporal 7 (7.1%)
Occipital 4 (4%)
Other 7 (7%)

Primary/secondary Primary 92 (92.9%)
Secondary 5 (5.1%)
Unknown 2 (2%)

Hemisphere Right 41 (41.4%)
Left 53 (53.5%)
Midline 4 (4.1%)
Unknown 1 (1%)

Operation type Total 53 (53.5%)
Subtotal 35 (35.4%)
Biopsy 7 (7.1%)
Unknown 4 (4%)

Adjuvant treatment Chemoradiotherapy 88 (88.9%)
Radiotherapy 5 (5.1%)
No treatment 4 (4%)
Unknown 2 (2%)

Temozolamide Yes 70 (70.7%)
No 14 (14.1%)
Unknown 15 (15.2%)

Fig. 2. Overall survival for study population.
(13,3 vs 23,9 months; p:0,25).
Overall survival was different according to tumor localization.

The group of patients with the highest mean overall survival had a
tumor at frontotemporal region (20,3 months), followed by frontal
localization (17,4 months). Left sided and right sided tumors had
similar overall survival (p; 0,19). Univariate and multivariate anal-
ysis showed that patients receiving cyberknife after recurrence had
longer OS.

In univariate analysis, age, concurrent chemoradiotherapy and
adjuvant temozolomide usewere all predictors for both PFS and OS.
However, in multivariate analysis, age and concurrent radiotherapy
were significant predictive factors for survival (Table 3 and Table 4).



Table 3
Univariate and multivariate analysis for progression-free survival.

Characteristic Univariate Multivariate

OR CI P-value OR CI P-value

Age <65 2.2 1.3e3.6 0.002 2.1 1.2e3.6 0.006
>65

Gender Women 1.3 0.8e2.1 0.313 0.9 0.5e1.5 0.613
Men

Surgery Biopsy 1.1 0.8e1.4 0.642 1.1 0.8e1.4 0.741
Subtotal
Total

Radiotherapy Concurrent 4.5 1.5e13.2 0.006 4.1 1.2e14.0 0.023
Alone

Temozolomide Yes 1.9 1.4e2.6 0.0001 1.8 1.3e2.6 0.001
No

Side Right 1.1 0.7e1.8 0.638 0.9 0.5e1.5 0.756
Left

Table 4
Univariate and multivariate analysis for overall survival.

Characteristic Univariate Multivariate

OR Cl P value OR Cl P value

Age <65 1.8 1.0e2.8 0.044 1.5 0.9e2.6 0.112
>65

Gender Women 1.2 0.7e2.0 0.489 1.0 0.6e1.6 0.866
Men

Surgery Biopsy 1.1 0.7e1.3 0.656 1.0 0.8e1.4 0.842
Subtotal
Total

Radiotherapy Concurrent 10.7 3.4e33.1 0.0001 29.8 6.5e137.2 0.0001
Alone

Temozolomide Yes 1.2 0.9e1.6 0.208 1.2 0.9e1.6 0.342
No

Side Right 1.2 0.7e1.9 0.556 0.9 0.6e1.5 0.740
Left

Cyberknife Yes 2.5 1.5e4.3 0.001 2.4 1.4e4.2 0.003
No

_Irinoþbev Yes 0.5 0.3e1.0 0.052 0.6 0.3e1.2 0.130
No
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4. Discussion

In this study, we evaluated clinical features of glioblastoma
patients from a single center institution. Tumor localization, age,
concurrent radiotherapy, adjuvant use of temozolomide and
cyberknife for recurrence therapy, were the clinicopathologic fac-
tors which were associated with clinical outcome.

In our study population, median PFS and median OS was 9,9
months and 13,7 months respectively. The results are consistent
with previous reports. Patients who received combined modality
treatment had better PFS, consistent with recent studies showing
that addition of concomitant chemotherapy resulted with better
outcomes.7 Stupp et al. reported 14.6 months OS in glioblastoma
patients with median age of 56 years treated with radiotherapy
plus concomitant and adjuvant temozolomide.2 In this study, the
median ageswas 57 years and OSwas 16.9 months compatible with
Stupp's study.

In the study population, frontotemporal and frontal located
tumors had highest overall survival. In three consecutive clinical
trials of Radiation Therapy Oncology Group (RTOG) evaluating the
influence of location on clinical outcome, showed that patients
with frontal lobe tumors had longer survival than those with pa-
rietal or temporal lobe tumors (11.4 months, 9.1 months, and 9.6
months, respectively) consistent with our results.8

Salvage re-irradiation has long been proposed as a treatment
modality for recurrent tumors. Although there is not a consensus
for favorable effect of cyberknife for recurrent glioblastoma treat-
ment, retrospective data suggest that there is an improvement in
tumor control.9 Recent studies have evaluated radiosurgery and
fractionated stereotactic radiosurgery as a treatment option for
recurrent glioblastoma patients. Retrospective single institution
trials have shown stereotactic radiosurgery was well tolerated, and
efficacy results appeared to be promising. Retrospective studies
showed one-year OS rates ranging from 15 to 45% for recurrent
GBM treated with SRS/fSRT. Larson et al. and Greenspoon et al.
showed median OS s of 9.5 and 9 months in two prospective
studies, respectively.10,11 Our patients received their primary
treatment in radiation oncology clinic and mostly they were on
follow up by both medical and radiation oncologists. Patients
mostly admitted to radiation oncology at first recurrence and ra-
diation oncologists mostly preferred to give cyberknife treatment
on first recurrence. Patients generally admitted to medical
oncology department after primary recurrence treatment. As a
result; they mostly received cyberknife treatment in first recur-
rence and chemotherapy in second recurrence. In our study, pa-
tients who received cyberknife for recurrent tumor, had longer
overall survival compared with those who did not take this
treatment.

There are certain limitations of this study. Some data was
missing as a result of the retrospective nature of the study,
Although we tried to check possible confounders by multivariate
analyses, a randomized controlled trial would control the factors
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which may influence the outcome. Treatment modalities after
recurrence were heterogeneous as a result of personal choices and
experience. Furthermore the common response criteria were un-
certain, and evaluation of pseudoprogression was not systematic.

Although this is a retrospective study of patients in a single
institute, the results supported previously reported factors that
influence survival time in glioblastoma. We would support pro-
spective studies evaluating the role of cyberknife in the manage-
ment of glioblastoma.
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