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 Summary

Purpose: Glioblastoma multiforme (GBM) is the most ag-
gressive malignant tumor in the brain and no therapy can 
achieve full recovery/cure. The aim of this study was to iden-
tify which factors could improve the survival of operated 
patients, and to determine which kind of therapy was most 
successful.

Methods: The study was conducted at the Clinic for Neu-
rosurgery in Nis, Clinical Centre Nis and the Oncology In-
stitute, Clinical Center Nis. A cohort of patients who un-
derwent surgery between January 2013 and December 2015 
was studied and continuous monitoring of survival lasted 
until June 2017.

Results: Patients who underwent only biopsy have 3.82-
fold greater chance of death than patients with complete tu-
mor resection (HR 3,825; p=0.001). Karnofsky performance 

status score significantly affected survival (preoperatively 
and postoperatively; p<0.001). Apart from radiotherapy, 
three types of chemotherapy were applied: carmustine 
(BCNU) – 32.80% of the patients, procarbazine/lomustine/
vincristine (PCV) – 38.80% and temozolomide – 28.40%.  
Kaplan-Meier overall survival showed that patients treated 
with temozolomide had the longest survival compared to 
patients treated with BCNU and/or PCV chemotherapy.

Conclusion: The best prognosis was seen in those patients 
who had complete tumor resection. Patients treated with 
temozolomide had the best survival compared with those 
treated with BCNU and PCV chemotherapy.
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Introduction

 GBM falls into the most common and most 
malignant tumors of the brain, representing 17% 
of all primary brain tumors [1]. It is characterized 
by rapid and infiltrative growth, which is histolog-
ically reflected in malignant morphology, tumor 
necrosis and vascular proliferation.
 There are two subtypes of glioblastoma, pri-
mary and secondary. Primary GBM (pGBM) devel-
ops de novo in elderly patients and is characterized 
by shorter duration of symptoms (<3 months). 
Secondary or progressive GBM (sGBM) develops 
from glioma grade II and III. It has a longer dura-
tion of symptoms and often occurs in patients un-

der 40 years of age [2,3]. Patients with GBM usu-
ally have a short medical history. Symptoms may 
vary from the appearance of seizures, headache, 
nausea, vomiting (resulting from increased intrac-
ranial pressure), to focal signs such as paralysis, 
speech disorder, which depend on the location of 
the tumor. 
 The diagnosis is based on magnetic resonance 
imaging (MRI) of the brain where the heterogene-
ous mass is seen, along with the hypointensity of 
the T1 sequences and the hyperintensity of the T2 
sequences. GBM usually contains central necro-
sis, surrounded by large peripheral oedema [4,5]. 
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Although MRI of the brain and clinical investi-
gation can suggest presence of GBM, the patho-
logical tissue study is mandatory for a definite 
diagnosis.
 The cause of the GBM genesis is largely un-
known. Despite advances in surgical techniques, 
radiation and chemotherapy, the prognosis of 
GBM is still very poor, and the median survival is 
12.1-14.6 months after diagnosis [6,7].
 One in 20 patients has a genetic predisposi-
tion [8]. Only 3-5% of patients live more than 36 
months, and the 5-year survival rate is less than 
5% [9]. 
 Important prognostic factors for survival 
are age, the patient preoperative status, and ex-
tent of resection [10]. Lately, the psychological 
status of the patient is taken as an important fac-
tor of prognosis. The purpose of this study was 
to investigate clinical characteristics and kinds 
of therapy that were significantly connected with 
longer survival.

Methods

 This study was conducted at the Clinic for Neu-
rosurgery and the Institute of Oncology Nis. The ana-
lyzed patients were operated between January 2013 
and December 2015 and were monitored up until June 
2017. During this period, a total of 67 patients with 
GBM diagnosis were registered.
 All patients were informed about the proposed 
therapy and signed informed consent. The study was 
approved by the ethics committees of the participating 
centres.
 The analysis included gender, age, preoperative 
Karnofsky performance status score, tumor localiza-
tion, type of surgery (complete/partial resection or bi-
opsy only), the time to the initiation of oncologic thera-
py, the kind of therapy (temozolomide/BCNU/PCV) and 
survival duration.
 All patients were treated with radiotherapy with 
60 Gy in 30 fractions (2 Gy per day, 5 days a week). 
Patients were irradiated by 3D conformal radiotherapy 
on a linear accelerator (ONCOR”, Siemens, Nis, Serbia), 
with 6 MeV energy.
 Depending on the chemotherapy administered, the 
patients were classified into three groups:

Group 1: 6 cycles of temozolomide. The first cycle at a 
dose of 150 mg/m2 for 5 days; the next 5 cycles at a dose 
of 200 mg/m2. Cycles were repeated every 3 weeks.

Group 2: procarbazine, lomustine-CCNU, vincristine 
(PCV). CCNU 110 mg/m2 p.o. day 1. Procarbazine 60 mg/m2

p.o. days 8-21. Vincristine 1.4 mg/m2 ( maximum 2 mg) 
i.v., days 8 and 21. Cycles were repeated every 6 to 8 
weeks for a total of 6 cycles.

Group 3: Carmustine (BCNU). BCNU 200 mg/m2 i.v., day 
1. Cycles were repeated every 8 weeks, for a total of 6 
cycles.

Statistics 

 Data were presented as mean±standard deviation 
or frequencies (%) as appropriate. Kaplan-Meier sur-
vival was used for patients with GBM in relation to the 
applied oncological therapy, localisation, type of sur-
gery and other clinical and demographic parameters. 
Univariate Cox regression analysis was used to test the 
predictive potential of death. Significance was set at 
p<0.05 and data analysis was preformed using the SPSS 
16.0 software package.

Results 

 The patient average age was 50.49±14.69 
years (Min 22, Max 79). There were 58.20% males 
and 41.80% females (Table 1).
 Two groups were compared based on elapsed 
time for radiotherapy delivery: One and 2 months 
after surgery.
 No statistically significant difference was 
noted between the 2 groups in terms of survival 
(p=0.269) (Table 2).
 The preoperative hazard ratio (HR) of the Kar-
nofsky performance status was 0.950, indicating 

Table 1. Patient demographic and clinical characteristics

Characteristics n %

Gender

Male 39 58.20

Female 28 41.80

Age, years (mean±SD) 50.49±14.69

Location

Frontal 14 20.90

Temporal 23 34.30

Parietal 19 28.40

Occipital 10 14.90

Cerebral 1 1.50

Type of surgical intervention

Complete resection 35 52.20

Partial resection 24 35.80

Biopsy only 8 11.90

Time to oncological therapy

1 month 38 56.70

2 months 29 43.30

Therapy

BCNU 22 32.80

PCV 26 38.80

Temozolomide 19 28.40

Preoperative Karnofsky score 
(mean±SD)

81.64±12.01

Postoperative Karnofsky score 
(mean±SD)

80.00±12.06
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that decrease of one unit of this index increased 
the chance of death by 5.2%. The postoperative HR 
of the Karnofsky performance status was 0.956, 
indicating that decrease of one unit of this index 
increased the chance of death by 4.6% (Table 3). 
 Better prognosis was seen in those patients 
in whom maximal tumor resection was achieved 
compared with those with biopsy only. Patients 
with a biopsy had a 3.82-fold greater chance of 
death than patients with complete resection (HR 
3.825, p=0.001; Figure 1).

 The most frequent localization was the tem-
poral area - 34.30%, but the statistics showed that 
it has no effect on survival (p=0.615; Figure 2).
 Kaplan-Meier overall survival showed that 
patients treated with temozolomide had the best 
survival, compared with patients treated with 
BCNU and PCV chemotherapy (p=0.013; Figure 3).

Discussion

 By analysing our data, we came to the conclu-
sion that age affects significantly the duration of 
survival (HR 1.025; p=0.01; Table 3). Similar re-
sults have been achieved by Shinoim et al. who 
have suggested that younger patients have a long-
er survival compared to the elderly [11], whereas 
no such statistically significant difference was 
noted in our analysis concerning gender.
 For the general assessment of the patient con-
dition the Karnofsky score was used, which was 
determined before and after the surgical interven-
tion. According to Cambless et al. candidates for 
surgical tumor removal should have a Karnofsky 
score higher than 70 [12]. It was shown that the 
values of the Karnofsky score, both preoperatively 
and postoperatively, affected significantly survival 
(p<0.001 ; Table 3). Reducing the Karnofsky score 
preoperatively by one unit led to an increase in 
mortality by 5.2% (HR 0.950), and also reducing 
the Karnofsky score postoperatively by one unit 
led to an increase in fatal outcome by 4.6% (HR 
0.956 ; Table 3). Lacroix and colleagues have shown 
that the presurgical Karnofsky score and type of 

Figure 1. Kaplan-Meier overall survival according to the 
type of intervention.

Figure 2. Kaplan-Meier overall survival according to the 
tumor location.

Figure 3. Kaplan-Meier overall survival according to per-
formed therapy.
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Table 2. Analysis of survival parameters according to different therapies, types of intervention, locations, and time to 
oncological therapy

Parameters Mean survival (months) SE p value*

Applied therapy 0.013

BCNU 9.91 1.34

PCV 9.65 0.97

Temozolomide 14.79 1.73

Type of intervention 0.001

Complete resection 12.86 1.10

Partial resection 10.75 1.27

Biopsy only 5.25 1.29

Location 0.615

Frontal 11.29 1.67

Temporal 11.44 1.07

Parietal 11.42 1.66

Occipital 10.80 2.81

Cerebral 4.00 0.00

Time to oncological therapy 0.269

1 month 12.18 1.02

2 months 9.90 1.25

* log-rank test, SE: standard error

Table 3. Predictive potential for death of the tested demographic and clinical characteristics (univariate Cox regression 
analysis)

Predictors HR 95%CI p value

Gender – male 1.455 0.884-2.393 0.140

Age 1.025 1.006-1.045 0.010

Location

Frontal Reference group

Temporal 1.011 0.518-1.972 0.975

Parietal 0.880 0.436-1.775 0.721

Occipital 0.870 0.380-1.992 0.741

Cerebral 3.852 0.484-30.676 0.203

Applied therapy

BCNU Reference group

PCV 1.210 0.678-2.156 0.519

Temozolomide 0.516 0.273-0.973 0.041

Type of intervention

Complete resection Reference group

Partial resection 1.331 0.783-2.263 0.292

Biopsy only 3.825 1.694-8.639 0.001

Time to oncological therapy

1 month Reference group

2 months 1.291 0.791-2.111 0.307

Preoperative Karnofsky score 0.950 929-0.972 <0.001

Postoperative Karnofsky score 0.956 0.934-0.979 <0.001

HR: hazard ratio, 95%CI: 95% confidence interval
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surgical resection are the most important factors 
related to survival after operation or reoperation. 
Longer survival had a group in which complete 
resection was achieved [13].
 In this study, comparison of the type of sur-
gical intervention with respect to survival has 
shown that the best prognosis was achieved in 
patients with maximal tumor reduction compared 
with those in whom only a biopsy was made (Fig-
ure 1). Patients with biopsy alone had 3.82-fold 
greater chance of death than patients with com-
plete resection (HR 3,825, p=0.001). Sanai and 
Young [14,15] reported similar results in their 
works. Nevertheless, for recurrent GBM, survival 
benefit must be balanced against the risk of neuro-
logical morbidity, as more aggressive cytoreduc-
tion is usually connected with significant postop-
erative neurological deterioration [16].
 Temporal localization was the most frequent-
ly encountered (34.30%), however it had no effect 
on survival (p=0.615) (Figure 2).
 As for postoperative therapy, all patients had 
three-dimensional conformal radiotherapy with a 
tumor dose of 60 Gy in 30 fractions, 2 Gy daily, 5 
days a week, today’s standard external beam radio-
therapy [17]. The target volume was 2-3cm around 
the lesion. Various regimes for increasing the 
radiation dose did not offer significant improve-
ment in the local GBM control [18]. Niranian and 
coworkers stressed the need of financing clinical 
researches that will provide a higher level of evi-
dence of the future role of radiotherapy for GBM 
patients in whom the disease progressed despite 
the applied therapy [19]. 
 In addition to the radiotherapy delivered, 
three types of chemotherapy were used in GBM 
patients: BCNU-32.80%, PCV-38.80%, and temo-
zolomide-28.40%. The chemotherapeutic agents 
were administered adjuvantly or separately in 
relation to radiotherapy. One metaanalysis has 
shown that postoperative chemotherapy extends 
the survival of patients with GBM [20]. 
 The standard management for most GBM pa-
tients includes temozolomide, either concurrent 
with radiotherapy or as adjuvant. Focal radiation 
remains keystone of radiation therapy for most 
high grade gliomas [21].
 In our study, PCV was used in 38.80% of the 
patients. The Karnofsky performance status of all 
patients in the PCV therapy group was satisfac-

tory (median 80%). Total resection was achieved 
in 42.30% and biopsy in 15.38%. As in the study 
of Stupp et al., our study has also shown that adju-
vant therapy with PCV prolonged the disease-free 
interval, but had no effect on total survival [22]. 
 Patients on temozolomide had the best overall 
survival compared to patients treated with BCNU 
and PCV chemotherapy (p=0.013; Figure 3). In a 
randomized phase III European and Canadian tri-
al, it was clearly demonstrated that the addition 
of 6 cycles of adjuvant temozolomide offered a 
significant survival benefit [23]. The final results 
of this study showed that the total survival was 
27.2% after 2 years, 16.0% after 3 years, 12.1% af-
ter 4 years and 9.8% after 5 years in the group 
of radiotherapy and temozolomide, compared to 
10.9%, 4.4%, 3.0% and 1.9% in the radiotherapy 
group [24].
 Concerning the time of postoperative radio-
therapy initiation (1 month vs 2 months) no sig-
nificant difference in survival (p=0.269) was noted 
between the 2 groups (Table 2). In contrast, nega-
tive effect of delaying the initiation of radiothera-
py for more than 6 weeks was shown in the study 
by Irwin et al. [25]. This study showed that each 
week of delay increased the risk of death by 8.9%. 
However, in many countries there is a waiting list 
problem for beginning radiotherapy [26-29].
 Patients with GBM continue to represent a 
major problem in terms of treatment and survival. 
Unfortunately, none of the mentioned therapeutic 
methods offer a satisfactory solution. 
 Clinical and molecular factors that could 
contribute to improved survival of a patient with 
GBM are still being searched. Some karyometric 
variables that represent nuclear polymorphism 
and larger nuclear size are associated with larger 
tumors and, therefore, with decreased survival 
[30]. Genetic markers of hypermethylation of O6-
methylguanine-DNA methyltransferase (MGMT) 
and gene mutations for cytosolic NADP+ depend-
ent - isocitrate dehydrogenase (IDH1) have been 
proven as prognostically significant [31,32]. Re-
search on the genetic level will enlighten and 
pave the way to more effective treatments for this 
devastating disease.
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