Turk Neurosurg 33(5):870-886, 2023

- ; . Received: 17.04.2022
Original Investigation Accepted: 31.01.2023

DOI: 10.5137/1019-5149.JTN.40460-22.3 Published Online: 19.07.2023

The Assessment of Clinical QOutcomes and Prognostic Factors
in Glioblastoma Patients

Niyazi Volkan DEMIRCAN', Ozge Petek ERPOLAT?, Caglar GUZEL?, Ertugrul SENTURK?, Huseyin BORA?,
Eray KARAHACIOGLU?

'Sanliurfa Mehmet Akif Inan Training and Research Hospital, Department of Radiation Oncology, Sanliurfa, Turkey
2Gazi University Medical Faculty Hospital, Department of Radiation Oncology, Ankara, Turkey

Corresponding author: Niyazi Volkan DEMIRCAN < nvdemircan@gmail.com

ABSTRACT

AIM: To assess the outcomes of glioblastoma patients treated in our clinic over the last 10 years using a multimodality approach
and cutting-edge techniques.

MATERIAL and METHODS: In our study, we included 169 glioblastoma patients who were admitted to our clinic between 2009 and
2019 and received concurrent radiotherapy (RT) + temozolomide (TMZ) after surgery. Patients were collected retrospectively and
analyzed using appropriate statistical methods.

RESULTS: The average follow-up period was 19 months. The average overall survival (OS) was 20.5 months. PFS and PPS were
found to be 10.8 and 8.9 months, respectively. In the multivariate analysis for prognostic factors on OS, the Karnofsky Performance
Score (KPS), the extent of resection (EOR), and the use of adjuvant TMZ were significant. PFS was significantly predicted by KPS,
EOR, adjuvant TMZ, and planning target volume (PTV). Acute severe lymphopenia (ASL) following RT reduced the OS and PFS.
There was no statistical difference in OS, PFS, recurrence patterns, or ASL incidence between the RTOG and EORTC regimens
and RT techniques (IMRT vs. 3D-CRT). The association between dose-volume parameters (V3, V5, V10, V15, and V20 and V25,
V30, V40, and V60 Gy) and post-treatment ASL frequency was studied. For each parameter, threshold levels were discovered.
Furthermore, patients with recurrent glioblastoma who received salvage therapies had better outcomes.

CONCLUSION: A multidisciplinary, and intensive treatment approach using modern techniques improved the OS of glioblastoma
patients. Furthermore, in glioblastoma patients, larger RT fields were not associated with better outcomes. As a result, lymphocyte-
sparing RT may be more beneficial in increasing patients’ compliance to adjuvant TMZ, which is an important prognostic factor of
OsS.
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ABBREVIATIONS: ASL: Acute severe lymphopenia, Bx: Biopsy, CT: Computed tomography, EOR: Extent of resection, EORTC:
European Organization of Research and Treatment of Cancer, GB: Glioblastoma, GTR: Gross total resection, IDH: Isocitrate
dehydrogenase, IMRT: Intensity-modulated radiotherapy, KPS: Karnofsky performance Score, MGMT: Methyl guanine methyl
transferase, OS: Overall survival, PFS: Progression-free survival, PPS: Post-progression survival, PTV: Planning target volume,
RT: Radiotherapy, RTOG: Radiation therapy oncology group, SRS: Stereotactic radiosurgery, STR: Subtotal total resection, TMZ:
Temozolomide, WHO: World Health Organization
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B INTRODUCTION

lioblastoma (GB) accounts for 15-20% of primary intra-
cranial tumors (1). Histologically, GB is characterized

by high cellular polymorphism and mitotic activity, mi-
crovascular proliferation, and necrosis. GB has a rapid growth
pattern compatible with its histologic features. Overall surviv-
al (OS) rates of GB are poor. In the 1990s, 2 and 5-year OS
rates were reported as 2% and <10% for GB, respectively (34,
53). The average OS rate was 8.1 months in 2000-2003 and
9.7 months in 2005-2008, as reported by population-based
studies (30). Stupp et al. designed a phase 3 randomized trial
including concurrent and adjuvant use of temozolomide (TMZ2)
with radiotherapy (RT) in the treatment of GB. According to
the results, median OS increased to 14.6 months and progres-
sion-free survival (PFS) was reported as 7 months (59). The
study led to the acceptance of concurrent and adjuvant use
of TMZ with RT as the standard of care for GB. Bevacizumab
(BEV), an effective agent for recurrent disease, was used in
the treatment of patients with newly diagnosed GB with TMZ.
However, BEV showed no survival advantage for the first-line
treatment of GB (12). Nowadays, OS for GB is reported be-
tween 12 and 19 months in the literature, despite advances
in surgical techniques and RT technology and the diversity of
chemotherapeutic agents (62).

Even though the prognosis of GB is poor, there are certain dif-
ferences among patients regarding OS. Several studies were
conducted to determine the most significant prognostic fac-
tors and classify patients into different risk groups. According
to the results, age, performance score, methyl guanine meth-
yl transferase (MGMT) status, and extent of resection (EOR)
were the most prominent prognostic factors for GB (43). In
the study of Hegi et al., MGMT status was detected as an
independent prognostic factor (OS for the MGMT methylat-
ed group was 62%, and the unmethylated group was 8%,
p=0.002) (26). In recent years, an isocitrate dehydrogenase
(IDH1) mutation has been defined in 12% of patients with GB,
which was associated with a good prognosis (11).

Surgical resection is recommended for each patient whose
overall status is suitable for surgery. The objectives of surgery
are to reduce the tumor burden and to alleviate symptoms
due to compression of mass or edema and cytoreduction.
Ideally, all visible tumors must be resected. Total resection
of tumors is not possible for all patients because of tumor
location (proximity to critical structures or neuromotor cortex).
EOR is directly proportional to OS and PFS (2,16,31,37,47,51).

Lymphopenia was detected as an independent risk factor for
OS (383,40). Thereafter, RT was seen as an important cause
of lymphopenia during treatment. In the study of Byun et al.,
intensity-modulated radiotherapy (IMRT) and low planning
target volume (PTV) were related to a lower incidence of
lymphopenia (7). Similarly, Rudra et al. reported limited field
RT (lower PTV), decreased RT-induced lymphopenia, and no
negative impact on OS and PFS. Also, V25 Gy was found as
an independent predictor for lymphopenia (50).

Recurrence is inevitable for GB (22). Most recurrences occur
in 6 to 9 months. Progenitor stem cells that are resistant to
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RT and TMZ are responsible for recurrent disease (10,22). In
post-mortem studies, 80-85% of relapsed diseases were de-
tected in previous RT fields (13,18,24). Radiologically, 80%
of relapsed diseases occurred within a 2-cm margin of pre-
vious contrast-enhancing lesions (4). Therefore, GB is a focal
tumor that can also infilirate neighboring brain parenchyma.
Accordingly, a contouring strategy for GB was planned. The
Radiation Therapy Oncology Group (RTOG) and the European
Organization of Research and Treatment of Cancer (EORTC)
have different recommendations for contouring. The RTOG
recommends contouring the entire peritumoral edema as the
clinical target volume (CTV) because previous studies showed
the presence of tumor cells in the edema region (24,59). The
EORTC guideline was based on postmortem studies reporting
80% of recurrences occurring in previous RT fields (18). Thus,
the EORTC contouring guideline recommends contouring only
contrast-enhanced lesions.

In this regard, we aimed to analyze the data of 169 patients
with GB who had been treated in the clinic in the past 10
years based on OS and PFS results and investigate significant
prognostic factors. We explored the effects of lymphopenia
on OS and PFS and evaluated the importance of RT timing for
disease prognosis.

B MATERIAL and METHODS
Patient Recruitment

One hundred sixty-nine patients with GB who were treated with
the standard of care (surgery+concurrent RT+TMZ+adjuvant
TMZ) at Gazi University Medical Faculty and Medicana
Ankara International Hospitals between 2009 to 2019 aged
over 18 years participated in the study. Demographic data;
performance scores; laboratory results at the beginning,
middle, and end of the RT course, and 1 month after RT; EOR,;
tumor sizes; tumor locations; RT techniques; dose-volume
parameters; concurrent and adjuvant TMZ protocols; steroid
use; steroid doses; adverse effects; recurrence; and salvage
therapy information was collected from the patient files and
electronic databases of the hospitals. Patients who were not
treated with standard of care, those younger than 18 years,
patients with multicentric tumors, and those treated with
hypo-fractionated RT courses were excluded from the study.
Patients who did not complete the RT or needed breaks during
RT were also excluded from the study.

Ethical approval was obtained from the Gazi University Ethical
Committee (No: 298; Date: 25.04.2020).

Evaluation Criteria

EOR is classified as gross total resection (GTR), subtotal re-
section (STR), and biopsy (Bx). Surgical notes and postoper-
ative magnetic resonance (MR) images were used to identi-
fy the groups. Patients with no visible tumor on MR images
(>95% mass resection and no remaining contrast-enhanced
portion of the tumor) underwent GTR (47). Patients who un-
derwent only stereotactic Bx were assigned to the Bx group.
The remaining patients were included in the STR group. Most
patients in the STR group had >50% mass resection.

Common Terminology Criteria for Adverse Event (CTCAE)
version 5.0 was used for the evaluation of lymphopenia.

Turk Neurosurg 33(5):870-886, 2023 | 871



Demircan NV. et al: Multimodal Treatment of Glioblastoma

The evaluation of recurrent/progressive disease was performed
using the modified Response Assessment in Neuro-Oncology
(RANO) criteria (64).

Classifying for RT timing was organized as 0-4 weeks, 4-6
weeks, and 6-8 weeks after surgery, following the system
proposed by Buszek et al. in a study on 45,942 patients (6).

Recurrent/progressive disease areas were divided into four
groups: central, in-field, marginal, and distant. If the 60 Gy
isodose line covered 95% or more of a recurrent/progressive
lesion, it was called “central.” If the 60 Gy isodose line covered
up to 80-95% of a recurrent/progressive lesion, it was called
“in-field,” if the 60 Gy isodose line covered up to 20-80% of a
recurrent/progressive lesion, it was accepted as “marginal,” if
the 60 Gy isodose line covered less than 20% of a recurrent/
progressive lesion, it was considered “distant” recurrence.

Radiotherapy Planning

Computed tomography (CT) was performed for every patient.
CT images were transferred to the Eclipse planning system.
IMRT and 3D-CRT techniques were used for RT planning. The
contouring of the patients was made in line with the RTOG
and EORTC guidelines. Preoperative and postoperative (at
least 1 week before the start of RT) MR images were loaded
into the planning system and fused with CT images (rigid
flexible). CTV60 Gy volumes were limited to 5 mm from
anatomic barriers (falx cerebri, ventricles, and tentorium) for
well-lateralized tumors. CTV volumes were modified when
they were adjacent to bony structures. Critical structures
such as the brainstem, optic nerve, and optic chiasm were
omitted from the RT field. It is not recommended to adjust
PTV volumes according to critical structures. However, when
the dose constraints for organs at risk could not be provided,
critical structures were excluded from PTV volumes with a
1-mm margin. The dose was prescribed to at least 95% of
PTV volumes for the complete plans.

The PTV volumes, V0.5, V3, V5, V10, V15, V20, V25, V30, V40,
V50, and V60 Gy values were calculated from dose-volume
histograms and transferred to an SPSS file.

Dose constraints were used according to the study of
Scoccianti et al. (62). PRV margins (3-5 mm) were added to
critical structures.

Chemotherapy and Steroid Doses

Concurrent TMZ was given to all patients with a daily dosage
of 75 mg/m?. Next, TMZ doses were doubled to 150 mg/m?
for the adjuvant setting. After the first cycle, TMZ doses were
further increased to 200 mg/m2, according to drug tolerance
and laboratory results.

Steroids were prescribed to patients with symptoms related
to brain edema. Dexamethasone dose was regulated as 4, 8,
12, 16, and 24 mg daily, according to the severity of clinical
symptoms. Such therapy was tapered when the symptoms of
the patients were relieved.

Statistical Analysis

Statistical analysis was conducted using the IBM SPSS 20
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software (SPSS Inc., Chicago, IL, USA). The distribution of
continuous variables was examined using the Kolmogor-
ov-Smirnov test. Meanzstandard deviation was used for
normally distributed numerical variables. Median (mini-
mum-maximum) was used for variables that were not distrib-
uted normally. Frequency (case number) and percentage were
used for categorical variables. The t-test was performed for
comparisons between two normally distributed groups. The
Mann-Whitney U test was used in the comparison of non-nor-
mally distributed numerical variables. The Kruskal-Wallis test
was used for comparisons between three or more groups.
Relationships between categorical variables were examined
using Pearson’s Chi-square and Fisher’s exact tests. Spear-
man’s correlation coefficient was used to determine relation-
ships between non-normally distributed numerical variables.
Differences between the groups for repeated measures were
analyzed using repeated measurements Karma analysis of
variance (ANOVA). Kaplan-Meier probability of survival was
integrated for OS analysis. The evaluation of differences be-
tween groups was performed using a log-rank test. Prognos-
tic factors were assessed using univariate and multivariate
Cox regression analysis. Significant factors, according to the
univariate analysis, were included in multivariate analyses.
P-values lower than 0.05 were accepted as significant.

B RESULTS
Patient Characteristics

The average age of the patients was 55 years. Sixty-one
percent of the study participants were males and 42% had
comorbidities. The mean Karnofsky Performance Score (KPS)
was 85 (range, 60-100). The average tumor diameter was 4
(range, 1.3-9) cm. Forty-six (27 %) patients had frontal lobe, 61
(36%) had parietal lobe, 42 (25%) had temporal lobe, and 20
(12%) had occipital lobe tumors. EOR was performed as GTR
in 102 (60%), STR in 52 (31%), and Bx in 15 (9%) patients.
In total, patients were treated with 60 Gy RT in 30 fractions.
The average time to the start of RT after surgery was 32 days.
Fifty-six percent (n=95) of the patients started RT in 0-4 weeks,
33% (n=56) in 4-6 weeks, and 11% (n=18) in 6-8 weeks after
surgery. Seventy-one percent of the patients were planned
with IMRT and 29% with 3D-CRT. The RTOG guideline for
contouring was used for 108 (64%) patients and the EORTC
guideline for 61 (36%). All patients received concurrent TMZ
with RT and 79% (n=133) continued with adjuvant TMZ. The
median TMZ cycle number was six. Steroids (dexamethasone)
were needed for 45% of the patients during concurrent
therapy. The patient’s characteristics are shown in Table I.

Overall Survival Analysis

The average follow-up was 19 (range, 3.3-104) months. The
average OS was 20.5 + 1.2 (range, 18-23) months and 6,
12, 24, and 60 months OS ratios were 91%, 68%, 31%, and
2.8%, respectively. Risk factors were evaluated for OS and
age, KPS, tumor diameter, EOR, tumor location, RT timing, the
existence of ASL, adjuvant TMZ, adjuvant TMZ cycle number,
steroid use, and PTV volumes were detected as significant
factors for OS. The results are summarized in Table II.



Table I: Patient Characteristics
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Patient number and ratio

Patient number and ratio

Variables (n=169, %) Variables (n=169, %)
Age (years) 54.8 (Mean) Surgery type
<50 51 (30.0) GTR 102 (60.0)
=50 118 (70.0) STR 52 (31.0)
Gender Biopsy 15 (9.0)
Female 66 (39.0) RT technique
Male 103 (61.0) IMRT 120 (71.0)
3D-CRT 49 (29.0)
Comorbidity (total) 71 (42.0)
HT 43 (60.5) RT regimen
DM 25 (35.5) RTOG 108 (64.0)
Other 3(4.0) EORTC 61 (36.0)
KPS 85 (Mean) RT timing
<70 29 (17.0) 0-4 week 95 (56.0)
>70 140 (83.0) 4-6 week 56 (33.0)
6-8 week 18 (11.0)
Tumor diameter (cm) 4 (Mean)
<4 70 (41.0) Adjuvant chemotherapy
>4 91 (54.0) Yes 133 (79.0)
Unknown 8 (5.0) No 36 (21.0)
Tumor location Steroid use
Frontal 46 (27.0) Yes 76 (45.0)
Parietal 61 (36.0) No 93 (55.0)
Tempgral 42 (25.0) Steroid doses
IDH-1 mutation 8 mg 39 (51.0)
Yes 10 (6.0) 12 mg 6 (8.0)
Unknown 123 (73.0) 224 mg 7.0

HT: Hypertension, DM: Diabetes mellitus, KPS: Karnofsky Performance Score, GTR: Gross total resection, STR: Subtotal resection,

RT: Radiotherapy, IMRT: Intensity modulated radiotherapy, 3D-CRT: 3 dimension- conformal radiotherapy.

Table II: Kaplan-Meier OS Analysis for Risk Factors

Overall Survival Analysis

Variable M 08 = sd (mi ) | OS ratios (%)
ean + sd (min-max p-value
6 months 12 months 24 months 60 months

Age (years)

>50 18.6 1.2 (16.1-21.2) 0.018 89 64 25 3

<50 24.5 + 2.5 (19.5-29.5) ' 96 78 42 5
Comorbidity

Yes 17 +1.45 (14-19.8) 0.004 90 57 21 2

No 23.2 +1.76 (19.7-26.6) ) 93 77 38 5
KPS

<70 8 0.7 (6.6-9.4) 65.5 10 0 0

>70 23 + 1.4 (20.5-25.8) <0.0001 98 81 38 7.9
Tumor size (cm)

>4 18 + 1.4 (15.4-21) 0.016 91 59 25 2

<4 24 + 2 (19.5-28) ’ 93 78 40 6
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Table II: Cont.
Overall Survival Analysis
Variable OS ratios (%)
Mean OS + sd (min-max) p-value
6 months 12 months 24 months 60 months

EOR

GTR 24 +1.7 (20.5-27) 93 75 40 6

STR 16.5 1.4 (13.7-19) <0.0001 90 65 23 0

Bx 11.4 £ 1.3 (8.7-14) 87 4 0 0
Adjuvant TMZ

Yes 22.5 + 1.4 (19.8-25) 95 75 36 5

No 12.8 + 1.4 (10-15.6) <0.0001 85 48 5 0
Steroid

Yes 23.1 £ 1.8 (19.5-26.7) 0.026 93 79,5 38 5

No 18 + 1.64 (14.8-21.3) ' 92 57 25 3
PTV

<278 cm3 25 +3(19.1-30.9) 0.031 95 83 38.5 1

>278 cm® 18.9 £ 1.2 (16.3-21.3) : 90 61 29 1
RT timing

0-4 weeks 21 +1.6 (17.7-24) 93 68 33 3

4-6 weeks 221 +£2.4(17.4-27) 0.038 91 73 33 7.2

6-8 weeks 18.7 £1.5(10.7-16.7) ’ 94 55 16 0
ASL

Yes 13 +1.5(10-16) 81 43 9 0

No 21.7 £ 1.34 (19-24) <0.0001 94 72 34 4.3
RT technique

IMRT 19 +1.5(16.7-22.7) 02 91 63 27 3.6

3D-CRT 22.8 £ 2 (18.9-26.7) ’ 96 74 40 4
RT regimen

RTOG 21.2 £ 1.5(18.3-24.1) 0.386 93 72 33.4 4.2

EORTC 19 + 2 (15.1-23) ’ 92 63 27 3
Gender

Female 22 + 2 (18.1-26) 0289 96 70 36 4.5

Male 19.5 £ 1.5 (16.5-22.3) ’ 90 68 28 3
TMZ cycle number

<6 22 + 1.6 (18.9-25) 0313 95 70 33.5 5

>6 25 £ 2 (21-29) ’ 95 95 50 0
Tumor locations

Frontal 24 = 2.5 (19-29) 91 76 42 5

Parietal 19 =+ 2 (15-23.6) 92 62 24 3

Temporal 17 + 1.8 (18.4-27) 0.086 90 61 20 0

Occipital 22.7 £ 2 (19-28.5) 95 84 50 0
Steroid dose

<8 mg 18.6 £ 2.6 (13.5-27.7) 0.996 94 54 28 3.5

>8 mg 17.8 £ 1.9 (14-21.4) ’ 90 60 24 0

KPS: Karnofsly performance score, GTR: Gross total resection, STR: Subtotal resection, IMRT: Intensity modulated radiotherapy, 3D-CRT: 3
dimensional conformal radiotherapy, ASL: Acute severe lymphopenia, PTV: Planning target volume.
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Progression-free Survival Analysis

The average PFS was 10.8 (range, 2.5-36) months. PFS ratios
for 6, 12, 24, and 60 months were 74%, 30%, 7.3%, and 0%,
respectively. Risk factors were evaluated for PFS and KPS,
tumor diameter, EOR, the existence of ASL, adjuvant TMZ,
steroid use, and PTV volumes were found significant for PFS.
The results are summarized in Table .

Table lll: Kaplan-Meier PFS Analysis for Risk Factors
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Evaluation of Prognostic Factors

The univariate analysis showed that KPS <70, limited EOR
(STR and Bx), >4 cm tumor diameter, starting RT 6-8 weeks
after surgery, ASL presence at the end of RT, not receiving
adjuvant TMZ, steroid use, and >278 cc PTV volume had a
negative impact on OS. However, only KPS <70, Bx, and not
receiving adjuvant TMZ were reported significant for OS in the
multivariate analysis (Table IV).

Progression Free Survival Analysis

Variable M PFS = sd (mi ) | PFS ratios (%)
ean + sd (min-max p-value
6 months 12 months 24 months 60 months

Age (years)

=50 10.2 = (8.9-11.5) 0.097 72 36 8 0

<50 12.1 £1.2 (9.9-14.4) ’ 78 27 6 0
Comorbidity

Yes 10.2 £ 0.9 (8.3-12) 0147 69 25 7 0

No 11.3 £0.7 (9.9-12.7) ’ 77 33 6 0
KPS

<70 6 +0.5(4.8-7.1) 31 8 0 0

>70 11.8 £ 0.6 (10.5-13) <0.0001 82 41 25 0
Tumor diameter (cm)

>4 9.6 + 0.7 (10.4-14.1) 0.006 67 40 7 0

<4 12.2 £ 0.9 (8.2-11.1) : 81 43 3 0
EOR

GTR 12.3 + 0.8 (10.7-13.9) 82 37 9 0

STR 9+0.7 (7.5-10.4) <0.0001 65 24 3 0

Bx 6.2 £ 0.7 (4.7-7.6) 43 0 0 0
Tumor locations

Frontal 12.1 £ 1.2 (9.8-14.5) 78 42 9 0

Parietal 11 +1(8.9-13.2) 68 30 8 0

Temporal 9.1 +£0.8(7.4-10.8) 0.145 71 17 3.5 0

Occipital 10.4 £ 1.1 (8.2-12.6) 85 27 0 0
Adjuvant TMZ

Yes 11.8 £0.7 (0.5-13.1) 80 34 8 0

No 7.1 0.7 (5.8-8.5) <0.0001 50 17 0 0
Steroid

Yes 9.4 + 0.7 (8-10.9) 0.007 67 23 5 0

No 12.2 £ 0.8 (10.5-14) : 81 38 8 0
PTV

<278 cm® 13.6 = 1.4 (10.9-16.3) 0.002 83 45 12 0

>278 cm® 9.7 £ 0.8 (8.5-10.9) ’ 70 23 5 0
RT timing

0-4 weeks 10.6 =1 (8.5-12.7) 73 33 7 0

4-6 weeks 11.2 £ 0.8 (9.6-12.7) 0,594 73 29 5 0

6-8 weeks 9.3+1(7.3-11.4) ’ 78 17 0 0
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Table lll: Cont.
Progression Free Survival Analysis
Variable PFS ratios (%)
Mean PFS = sd (min-max) p-value
6 months 12 months 24 months 60 months

ASL

Yes 7.6 £0.9 (5.7-9.5) 0.009 71.4 19 0 0

No 11.3 £ 0.6 (10-12.5) ) 78 31 0 0
RT technique

IMRT 10.5 £ 0.7 (9.1-11.8) 0.266 71 27 6 0

3D-CRT 11.8 £1(9.7-13.9) ’ 82 37 7 0
RT regimen

RTOG 11 £ 0.7 (9.6-12.5) 0.479 76 31 7 0

EORTC 10.3 £ 0.9 (8.5-12.1) ) 70 27 7 0
Gender

Female 12 £ 1 (9.9-14) 0.071 77 36 7 0

Male 10.2 £ 0.7 (8.8-11.6) ’ 72 26 6 0
Steroid dose

<8 mg 10.2 £ 1.4 (7.4-12.9) 0.994 62 27 9 0

>8 mg 9.6 £ 0.9 (7.8-11.3) ’ 71 24 0 0
TMZ cycle number

<6 11.4 £ 0.7 (10-12.8) 0109 78 30 8 0

>6 134 +£1.2(11.1-15.8) ’ 95 55 7 0

KPS: Karnofsky performance score, EOR: Extent of resection, GTR: Gross total resection, STR: Subtotal resection, IMRT: Intensity modulated
radiotherapy, 3D-CRT: 3 dimensional conformal radiotherapy, ASL: Acute severe lymphopenia, PTV: Planning target volume.

Table IV: Univariate and Multivariate Cox Proportional Analysis for OS

Univariate Analysis Multivariate Analysis
Variable
HR %95 CI p-value HR %95 CI p-value

Gender

Female (ref) 1.19 0.85-1.68 0.29

Male
Age (years)

<50 (ref) 1.54 1.07-2.22 0.19

>50
Comorbidity

No(ref) 1.6 1.15-2.24 0.19

Yes
KPS

>70 (ref)

=70 7.73 4.85-12.3 <0.0001 6.05 3.5-10.47 <0.0001
EOR

GTR (ref)

STR 1.74 1.2-2.5 0.003 1.3 0.83-2.01 0.243

Bx 3.5 1.95-6.4 <0.0001 2.56 1.35-4.87 0.004
Tumor diameter (cm)

<4 (ref)

>4 1.5 1.08-2.14 0.017 1.1 0.63-1.93 0.729

876 | Turk Neurosurg 33(5):870-886, 2023



Demircan NV. et al: Multimodal Treatment of Glioblastoma

Table IV: Cont.
Univariate Analysis Multivariate Analysis
Variable
HR %95 CI p-value HR %95 CI p-value

Tumor location

Occipital (ref)

Frontal 1.02 0.56-1.82 0.946

Parietal 1.42 0.8-2.51 0.22

Temporal 1.69 0.94-3.03 0.078
RT timing

4-6 (ref)

0-4 1.1 0.76-1.59 0.598 1.01 0.67-1.54 0.93

6-8 2.03 1.15-3.59 0.014 1.28 0.63-2.62 0.488
ASL

No (ref)

Yes 2.23 1.38-3.59 0.001 1.14 0.64-2.03 0.636
Adjuvant TMZ

No (ref)

Yes 2.4 1.59-3.6 <0.0001 2.03 1.22-3.39 0.006
TMZ cycle number

>6 (ref)

<6 1.31 0.77-2.24 0.315
Steroid

No (ref)

Yes 1.46 1.04-2.04 0.027 1.15 0.78-1.71 0.458
PTV

<278 cm? (ref)

>278 cm? 1.52 1-2.25 0.03 1.29 0.68-2.44 0.423

KPS: Karnofsky performance score, EOR: Extent of resection, GTR: Gross total resection, STR: Subtotal resection, ASL: Acute severe

lymphopenia, PTV: Planning target volume, TMZ: Temozolamide.

Further, the univariate analysis revealed that KPS <70, limited
EOR (STR and Bx), the existence of ASL at the end of RT, not
receiving adjuvant TMZ, steroid use, and >278 cc PTV volume
had a negative impact on PFS. However, only KPS <70, Bx,
not receiving adjuvant TMZ, and >278 cc PTV volume were
significant for PFS in the multivariate analysis (Table V).

Evaluation of Lymphopenia

None of the patients had lymphopenia before starting RT in
the current study. The ASL ratios in the middle, end, and one
month after the therapy were reported as 3.6% (n=6), 12.4%
(n=21), and 7.1% (n=12), respectively (Table VI).

The average lymphocyte counts of the patients in the
beginning, in the middle, at the end, and one month after RT
were reported as 1794, 1519, 1166, and 1327 uL, respectively.
The difference between the lymphocyte counts was statistically
significant (p<0.001).

The existence of the ASL at the end of RT was significantly
related to worse OS (p<0.001). The mean OS of the patients
with ASL was 13 + 1.5 (range, 10-16) months, whereas the
mean OS of the patients without ASL was 21.7 + 1.3 (range,

19-24) months. Similarly, the 6, 12, 24, and 60-month OS
ratios of the patients with ASL were 81%, 43%, 9%, and 0%,
and the 6, 12, 24, and 60-month OS ratios of the patients
without ASL were 94%, 72%, 34%, and 4.3%, respectively.

The existence of ASL at the end of RT was significantly related
to worse PFS (p=0.009). The mean PFS of the patients with
ASL was 7.6 + 0.9 (range, 5.7-9.5) months, and the mean PFS
of the patients without ASL was 11.3+0.6 (range, 10-12.5)
months. Similarly, the 6, 12, 24, and 60-month PFS ratios of
the patients with ASL were 71%, 19%, 0%, and 0%, and the
6, 12, 24, and 60-month PFS ratios of the patients without ASL
were 78%, 31%, 0%, and 0%, respectively. The existence
of ASL at the end of RT was found significantly related to
OS and PFS in the univariate analysis. However, it showed
no significance for OS and PFS in the multivariate analysis
(Tables IV and V). The hazard ratios of the existence of the ASL
for OS and PFS were detected as 1.14 and 1.09, respectively.

Radiotherapy Regimen-Lymphopenia Relationship

No relevant relationship was observed between the
lymphocyte count changes and RT regimens (RTOG-EORTC)
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Table V: Univariate and Multivariate Cox Proportional Analysis for PFS

Univariate Analysis Multivariate Analysis

Variable HR %95 Cl p-value HR %95 Cl p-value
Gender

Female (ref) 1.35 0.97-1.87 0.073

Male
Age (years)

<50 (ref) 1.34 0.94-1.89 0.099

>50
Comorbidity

No (ref) 1.26 0.9-1.75 0.149

Yes
KPS

Z;g (ref) 3.57 2.31-5.52 <0.0001 3.4 2.1-5.5 <0.0001
EOR

GTR (ref)

STR 1.65 1.15-2.35 0.006 1.19 0.8-1.78 0.383

Bx 3.56 1.98-6.38 <0.0001 2.91 1.59-5.29 <0.0001
Tumor diameter (cm)

<4 (ref)

>4 1.58 1.13-2.2 0.07 1.005 0.59-1.71 0.985
Tumor location

Frontal (ref)

Parietal 1.19 0.79-1.79 0.391

Temporal 1.65 1.06-2.5 0.024

Occipital 1.17 0.67-2.04 0.565
RT timing

0-4 (ref)

4-6 1.09 0.77-1.56 0.603

6-8 1.29 1.76-2.19 0.33
ASL

No (ref)

Yes 1.85 1.15-2.98 0.01 1.09 0.61-1.93 0.767
Adjuvant TMZ

No (ref)

Yes 2.3 1.51-3.5 <0.0001 2.57 1.62-4.08 <0.0001
Cycles of TMZ

>6 (ref)

<6 1.51 0.9-2.5 0.112
Steroid

No (ref)

Yes 1.56 1.12-2.17 0.008 1.34 0.93-1.93 0.108
PTV

<278 cm? (ref)

>278 cm® 1.77 1.22-2.58 0.003 1.59 1.08-2.35 0.019

KPS: Karnofsky performance score, EOR: Extent of resection, GTR: Gross total resection, STR: Subtotal resection, ASL: Acute severe
lymphopenia, PTV: Planning target volume, TMZ: Temozolamide.
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Table VI: ASL Incidence During the Treatment

ASL n (%)
Before beginning of the RT 0.0 (0)
Middle of the RT 0.6 (4)
End of the RT 21.0 (12)
One month after the RT 12.0(7)

ASL: Acute severe lymphopenia.

and RT techniques (IMRT-3D-CRT) (p=0.484 and p=0.793,
respectively). There was no correlation between the existence
of ASL at the end of the RT and RT regimens and RT techniques
(Chi-square test; p=0.135 and p=0.491, respectively).

Radiotherapy Regimen-PTV Relationship

The mean PTV volumes for RTOG and EORTC were 400 cc
and 341.5 cc, respectively. The difference between the PTV
volumes for both regimens was significant (p=0.039). The
PTV volumes were directly proportional to tumor diameters.
The difference between the mean tumor diameters for the
patients who were contoured according to the RTOG and
EORTC guidelines was compared and there was no difference
between the two groups (p=0.092). The mean tumor diameters
for the RTOG and EORTC groups were 4.2 cm and 3.6 cm,
respectively. Incidences of lymphopenia and ASL at the end
of the RT were similar for both groups (p=0.321 and p=0.630,
respectively).

There was no statistically significant correlation between
lymphopenia or ASL existence at the end of RT and PTV
volumes (p=0.081 and p=0.095, respectively). However, 278
cc was detected as the threshold value for the relationship
of OS and PFS with PTV volume. The patients who had PTV
volumes higher than 278 cc were at 1.52 and 1.77 times risk
negatively impacted OS and PFS, respectively.

Dose-Volume Parameters-Lymphopenia Relationship

According to results of the assessment of the dose-volume
parameters and lymphopenia or ASL, threshold values for
V0.5, V3, V5, V10, V15, V20, V25, V30, V40, V50, and V60
Gy were 96%, 96%, 94%, 87%, 78%, 70%, 58%, 47%,
47%, 42%, and 20%, respectively. Lymphopenia were
related to V0.5, V3, V5, V10, V14, and V40 Gy volumes
(p=0.049, p=0.012, p=0.016, p=0.037, p=0.033, and p=0.030,
respectively). However, V20, V25, V30, V50, and V60 Gy
volumes were not related to lymphopenia (p=0.157, p=0.056,
p=0.159, p=0.087, and p=0.100, respectively). The existence
of ASL at the end of RT was found significant with V3, V5,
V10, V15, V20, V25, V30, V40, and V60 Gy (p=0.025, p=0.010,
p=0.035, p=0.008, p=0.022, p=0.014, p=0.018, p=0.003, and
p=0.015, respectively). V0.5 and V50 Gy dose parameters
were not related to ASL (p=0.116 and p=0.101, respectively).

Lymphopenia-Steroid Relationship

Steroid use is an important risk factor for lymphopenia and
ASL development. However, the current study found no
statistically significant relationship between steroid use and
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lymphopenia or ASL development (p=0.559 and p=0.221,
respectively). The ASL-steroid dose relationship was not
significant (p=0.191). However, steroid doses were related to
lymphopenia at the end of RT (p=0.011). Our study showed >8
mg dexamethasone use during the treatment caused higher
risk for lymphopenia development.

Recurrence or Progression Ratios, Salvage Therapies,
and Post-progression Survival Results

The recurrence or progression ratio was 92% (n=156) in our
study; 33% of recurrent lesions were located centrally, others
were located in-field (54%), marginal (4%), out of the field
(83%), and both in and out of the field (6%).

The relationship between both RT regimens and RT tech-
niques with recurrence patterns seemed similar to each other
(p=0.859 and p=0.684, respectively).

Eighty-three of the total 156 (53%) recurrent disease cases
were treated with salvage therapies. Salvage therapy strategies
are determined specifically for each patient according to the
patient and recurrent disease characteristics. Therefore, all
combinations of surgery, RT, and chemotherapy were used.
Fifteen percent of the patients with recurrence were treated
with only surgery, 2% surgery plus RT, 12% surgery with plus
chemotherapy, 5% surgery with plus CRT, 12% with only RT,
42% with only chemotherapy, and 12% with CRT.

The average post-progression survival (PPS) was 8.9 (range,
6.7-11.1) months. The 6, 12, and 24-month PPS ratios were
44%, 22%, and 5%, respectively. The survival analysis
according to salvage therapy and different modalities is
shown in Table VII.

Side Effects

Patients had fatigue (80%), nausea/vomiting (48%), and
local alopecia (70%) during the concurrent therapy. Five
patients had epileptic convulsions and needed regulation of
anti-epileptic drugs and steroid doses. After the concurrent
therapy, thrombocytopenia was reported in 24% of the
patients; 18% were grade 1, 3% were grade 2, 0.6% were
grade 3, and 1.8% were grade 4. During concurrent therapy,
17% (n=29) of the patients had side effects and required
short breaks for TMZ. Ninety-three percent (n=27) of the side
effects were hematologic and 7% (n=2) were pneumonia due
to opportunistic pathogens (Pneumocystis jirovecii).

According to the clinical findings, radiologic images,
and pathology reports, 15% (n=25) of the patients had
pseudoprogression and 5% (n=8) had radionecrosis in the late
period. The radionecrosis ratio for the patients treated with
stereotactic radiosurgery for the salvage setting increased to
13%. Two patients had radiation-induced hearing loss as a
late adverse effect.

Lastly, 13% (n=23) of the patients had adverse effects during
adjuvant TMZ. Seventy-eight percent of the side effects
were hematologic. Other patients had pneumonia (h=4) and
urosepsis (n=1).
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Table VII: Kaplan-Meier Survival Analysis for Post-Recurrence/Progression Salvage Therapies

Post-recurrence/progression survival analysis

Variables OS ratios (%)
Mean OS + sd (min-max) p-value
6 months 12 months 24 months

Salvage therapy

Yes 12.8 = 1.83 (9.2-16.4) 65 36 9

No 41 +£0.4 (3.3-4.8) <0.0001 25 0 0
RT

Yes 13.2 £2(9.3-17.1) 0.005 78 50 8

No 8.5+ 1.4(5.7-11.3) ! 36 16 5
Chemotherapy

Yes 11.7 £ 1.2 (9.2-14.2) 74 a4 6

No 7.2 £ 1.6 (4-10.5) <0.0001 26 10 1
Surgery

Yes 17.6 £ 4.2 (9.4-22.6) 67 47 13

No 6.5 + 0.6 (5.3-7.7) <0.0001 39 16 3
RT: Radiotherapy.
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Figure 1: Kaplan-Meier overall survival analysis for risk factors: A) Extent of resection, B) radiotherapy timing, C) presence of acute
severe lymphopenia at the end of radiotherapy course, D) use of adjuvant temozolamide, E) steroid use during radiotherapy course,
F) planning target volume.
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Figure 3: Effect of salvage therapies for post-progression survival.

B DISCUSSION

Until the early 2000s, the average survival time for patients
with GB was less than a year (15). However, Stupp et al.
demonstrated in 2005 that adding concurrent TMZ to RT
was very effective in the treatment of GB. OS was reported

at 14.6 months, nearly doubling the previous results, and PFS
was reported at 6.9 months (59). Between 2009 and 2019,
169 patients with GB were treated with current treatment
approaches in our study. For the first-line treatment of the
disease, all patients received the standard of care (surgery
+ concurrent RT + TMZ + adjuvant TMZ). To meet the
best interests of the patients, tailored treatments with all
available modalities (re-operation, reirradiation, second-line
chemotherapy, and combination therapies) were planned for
each patient in the salvage setting. In our study, the average
OS was 20.5 months. Furthermore, having KPS >70, receiving
adjuvant TMZ, and performing GTR were linked to better OS.
When compared with the study of Stupp et al., our OS results
were noticeably better. The differences can be attributed to
differences in GTR ratios and median cycles of adjuvant TMZ
use in the two studies (60% of patients in our study had GTR
compared with 40% in the Stupp et al. study, and the median
number of TMZ cycles was 6 in our study versus 3 in the Stupp
et al. study). Furthermore, in our study, the mean age was 55
yr, and 83% of the patients had a KPS score of >70. The mean
OS for the younger patients with a good performance score
in the RPA classification was 18.7 months, and it was 10.7
months for older patients with comorbidities (38).

In our study, the average PFS was 10.8 months. Previous
studies reported a mean PFS of 7 months (59). In the
multivariate analysis, GTR, receiving adjuvant TMZ, and KPS
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>70 were found to be associated with good PFS. Previous
research has shown that receiving adjuvant TMZ and GTR
improves PFS. According to Chaichana’s research, PFS is
significantly reduced when resections are less than 70% of
the total mass or there is a residual tumor of more than 5 cc
(8). Similarly, based on the findings of 149 patients with GB,
Haj et al. (23) estimated PFS at 9.8 months for the GTR group
and 7.8 months for the non-GTR group (p=0.042).

In the literature, no randomized controlled phase 3 study
comparing the results of patients contoured according to
EORTC or RTOG guidelines has been reported. However, no
differences in OS or PFS were found in the secondary analysis
of the CENTRIC and RTOG 0525 studies, which recruited
patients from both protocols (19,58). Previous research found
that including the peritumoral edema area in the RT field
had no effect on GB recurrence patterns, as demonstrated
by Chang et al.’s study. Wide-field RT significantly increased
the volume of 46-Gy normal brain tissue (V46 Gy, 38% vs.
31%, p=0.003) (9). EORTC and RTOG regimens appeared
similar to each other in our study, which was consistent
with the literature. There were also no statistically significant
differences in recurrence patterns between the two regimens.

Lymphocytes are extremely radiosensitive blood cells that
can be affected by very low radiation doses as low as 0.1 Gy
(48). Yovino et al. studied the decreasing lymphocyte counts
during 60-Gy RT in 30 fractions and found that while 15% of
circulating lymphocytes received radiation doses greater than
0.5 Gy for 2-cm-diameter PTV (4.2 cc), the ratio of affected
lymphocytes increased to 99% for 8-cm-diameter PTV (268
cc) (65). In line with this study, we discovered that patients
with >278 cc PTV had a lower OS and PFS. Increasing PTV
was identified as a risk factor for the development of ASL by
Byun et al. (HR=1.02; 95% CI, 1-1.03; p=0.042). The mean
OS for patients with ASL was 18.2 months compared with 22
months for patients without ASL (p=0.028). Using IMRT for
RT plans reduces the risk of ASL development (HR = 0.48;
95% ClI, 0.27-0.87; p=0.015) (7). Base on these findings, it is
believed that PTV has an impact on OS via its relationship with
the incidence of lymphopenia. The median OS for patients
with lymphopenia was reported to be 13.1 months, whereas
the median OS for patients without lymphopenia was 19.6
months (p=0.002) (35). In our study, we discovered no link
between lymphopenia, ASL, and PTV. However, in our study,
the mean OS and PFS for patients without ASL were 21.6 and
13 months, respectively, and 13 and 7.6 months, respectively,
for patients with ASL. In terms of ASL incidence, there was
no difference between IMRT and 3D-CRT. As a result, the
1.55-fold increased risk of recurrence in patients with >278 cc
PTV may be due to larger tumor size or a higher likelihood of
undergoing surgery via STR/Bx.

Rudra et al. investigated the relationship between RT field
size and lymphopenia incidence. In multivariate analysis,
they found V25 Gy to be an independent predictor of ASL.
Similarly, they identified ASL as an independent predictor of
OS (50). The mean V25 Gy volume for limited field RT was
41% in the current study and 53% for large field RT. In terms of
ASL incidence, there was a statistically significant difference
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between limited and large field RT. In our study, the threshold
V25 Gy value was calculated to be 58% for ASL development.
Furthermore, patients with more than >27% V40 Gy volume
had a higher risk of lymphopenia. Furthermore, low-dose
volumes, such as V0.5 and V3 Gy, were associated with a
higher incidence of lymphopenia.

Another factor influencing lymphocyte counts during GB
therapy is steroid use. Steroids are commonly used to prevent
vasogenic edema during GB therapy. However, excessive use
of steroids during treatment may have a negative impact on
the disease’s prognosis. Steroids may reduce the cytotoxic
properties of RT and TMZ by suppressing cytokine cascades
and decreasing apoptosis, according to some studies (54,
61). According to Hui et al., steroid doses given during GB
treatment may be related to OS. According to their findings,
the average OS for patients receiving >2-mg daily steroids
during RT was 12.6 months, whereas it was 17.9 months
for those receiving <2-mg daily steroids (p<0.001) (28).
Furthermore, researchers discovered that high-dose steroid
use resulted in a shorter OS due to an increased incidence
of ASL but had no effect on PFS. In their meta-analysis of 22
publications and 8,752 patients, Petrelli et al. investigated the
effects of steroid use on the outcomes of GB. They discovered
a difference OS (HR=1.54; 95% CI, 1.37-1.75; p<0.01) and
PFS (HR=1.28; 95% CI, 1.1-1.49; p<0.01) for patients who
used steroids during treatment (45). Despite these published
findings, we found no significant link between steroid use and
lymphopenia in our 169 patient population. However, steroid
doses of >8 mg significantly increased the risk of lymphopenia
development. The mean OS and PFS for patients who did not
require steroids during treatment were 23.1 and 12.2 months,
respectively, and 18 and 9.4 months, respectively, for patients
who did.

Several studies in the pre-TMZ era found that delays in starting
RT for more than 6 weeks after surgery had a negative impact
on the clinical course of GB (5,17,29). According to the RTOG
study of 3,000 patients with GB, a 4-week delay in starting RT
after surgery resulted in better OS outcomes than starting RT
2 weeks after surgery (41). According to the RTOG and other
clinical studies, there was no difference in starting RT in 2- to
4-week intervals or 4- to 6-week intervals after surgery during
the TMZ era (20,21,56). According to the findings of a study
conducted by Buszek et al. on 45,942 patients with GB treated
between 2004 and 2015, optimal RT timing was determined to
be 4-8 weeks after surgery. In the aforementioned interval,
the best median OS (15.2 months) results were obtained. A
secondary literature review confirmed that 4-5 weeks after
surgery was the best time for RT (3,6,25,46,49,60,63).

PPS was 12.8 months in our study and for patients who
received salvage therapies with any treatment modality and 4.1
months for patients who did not receive any salvage therapies.
Similarly, patients with recurrent GB who received surgery, RT,
chemotherapy, or a combination of these treatments had a
higher chance of survival. As a result, the average PPS for
patients who received RT for recurrent disease was 13.2
months. However, the non-RT group only lasted 8.5 months.
Similar findings were reported in the literature in studies on



recurrent GB management (32). Patients with recurrent GB
who were treated with a 15- to 30-Gy dose of SRS had a mean
OS of 10 (range, 4-15) months (29,55). Positive prognostic
factors included being younger, having a small tumor volume,
having a high-performance score, and waiting more longer
than a year before reirradiation (14,27,44). According to the
literature, the radionecrosis ratio after SRS is 20%-25% (36,
42). Only two (13.3%) patients in our study had SRS-related
radionecrosis. Although the number of patients in our study
is insufficient to evaluate SRS-related radionecrosis, BEV
administration as second-line chemotherapy for 50% of SRS
patients may explain the lower incidence of radionecrosis
compared with the literature.

In our study, we looked at 10 years outcomes for glioblastoma
patients treated between 2009 and 2019. However, in 2021,
the WHO updated the classification of glial tumors, and IDH
mutation status became critical for glioblastoma diagnosis
(89). This is a major limitation of our research. However, we had
already planned to report the results for a specific time period.
Furthermore, a recent study evaluating former glioblastoma
specimens according to the new classification found that only
10% of glioblastoma transformed into grade 4 astrocytoma
(57).

B CONCLUSION

Despite advances in modern RT and surgical techniques,
as well as advances in chemotherapy agents, patient
performance scores, EOR, and adjuvant TMZ remain the most
important prognostic factors for GB. Patients’ outcomes were
comparable for both the RTOG and EORTC regimens. An
increased amount of low-dose areas of normal brain tissue, on
the other hand, was found to be related to ASL development.
ASL at the end of RT was found to be related to a lower OS
and PFS. Patients who do not have lymphopenia have better
adjuvant TMZ compliance and could receive more TMZ
cycles. Both limited and large field RTs have similar recurrence
patterns. As a result, limited field RT may be beneficial to
treatment outcomes. Future research should look into the
efficacy of salvage therapies in extending the life of patients
with GB.

AUTHORSHIP CONTRIBUTION

Study conception and design: OPE, NVD

Data collection: NVD, CG

Analysis and interpretation of results: NVD, ES

Draft manuscript preparation: NVD, OPE

Critical revision of the article: OPE, HB, EK

Other (study supervision, fundings, materials, etc...): NVD, ES,
CG

All authors (NVD, OPE, CG, ES, HB, EK) reviewed the results and
approved the final version of the manuscript.

Demircan NV. et al: Multimodal Treatment of Glioblastoma

B REFERENCES

1. Apuzzo ML: Park Ridge, IL: American Association of
Neurological ~ Surgeons; Malignant Cerebral Glioma
(Neurosurgical Topics, 2), 1990

2. Bloch O, Han SJ, Cha S, Sun MZ, Aghi MK, Mcdermott
MW, Berger MS, Parsa AT: Impact of extent of resection for
recurrent glioblastoma on overall survival. J Neurosurg 117:
1032-1038, 2012

3. Blumenthal DT, Won M, Mehta MP, Curran WJ, Souhami L,
Michalski JM, Rogers CL, Corn BW: Short delay in initiation of
radiotherapy may not affect outcome of glioblastoma patients:
a secondary analysis from the Radiation Therapy Oncology
Group database. J Clin Oncol 27(5):733-739, 2009

4. Burger PC, Dubois PJ, Schold Jr SC, Smith KR, Odom GL,
Crafts DC, Giangaspero F: Computarized tomographic and
pathologic studies of the untreated, quiescent, and recurrent
glioblastoma multiforme. J Neurosurg 58:159-169, 1983

5. Burnet NG, Jena R, Jefferies SJ, Kirkby NF: Mathematical
modelling of survival of , glioblastoma patients suggests a role
for radiotherapy dose escalation and predicts poorer outcome
after delay to start treatment. Clin Oncol 18:93-103, 2006

6. Buszek SM, Al Feghali KA, Elhalawani H, Chevli N, Allen PK,
Chung C: Optimal timing of radiotherapy following gross total
or subtotal resection of glioblastoma: A real-world assessment
using the national cancer database. Sci Rep 10(1):4926, 2020

7. Byun HK, Kim N, Yoon HI, Kang SG, Kim SH, Cho J, Baek
JG, Chang JH, Suh CO: Clinical predictors of radiation-
induced lymphopenia in patients receiving chemoradiation
for glioblastoma: Clinical usefulness of intensity-modulated
radiotherapy in the immuno-oncology era. Radiat Oncol
14(1):51, 2019

8. Chaichana KL, Torres IJ, Ramirez RN, Raza SM, Gallego MP,
Ibrahim A, Hernandez-Hermann M, Gomez L, Ye X, Weingart
JD, Olivi A, Blakeley J, Gallia GL, Lim M, Brem H, Quinones-
Hinojosa A: Establishing percent resection and residual volume
thresholds affecting survival and recurrence for patients with
newly diagnosed intracranial glioblastoma. Neuro Oncol 16(1):
113-122, 2014

9. Chang EL, Akyurek S, Avalos T, RebuenoN, Spicer C, Garcia
J, Famigletti R, Allen PK, Chao KSC, Mahajan A, Woo SY,
Maor MH: Evaluation of peritumoral edema in the delineation
of radiotherapy clinical target volumes for glioblastoma. Int J
Radiat Oncol Biol Phys 68:144-150, 2007

10. Chen L, Chaichana KL, Kleinberg L, Ye X,Quinones-Hinojosa
A, Redmond K: Glioblastoma recurrence patterns near neural
stem cell regions. Radiother Oncol 116(2):294-300, 2015

11. Cheng HB, Yue W, Xie C, Zhang RY, Hu SS, Wang Z: IDH1
mutation is associated with improved overall survival in
patients with glioblastoma: A meta-analysis. Tumor Biology
34:3555-3559, 2013

12. Chinot OL, de La Motte RT, Moore N, Zeaiter A, Das A, Philips
H, Modrusan Z, Clooughesy T: AVAglio: Phase 3 trial of
bevacizumab plus temozolomide and radiotherapy in newly
diagnosed glioblastoma multiforme. Adv Ther 28(4):334-340,
2011

Turk Neurosurg 33(5):870-886, 2023 | 883



Demircan NV. et al: Multimodal Treatment of Glioblastoma

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Choucair AK, Levin VA, Gutin PH, Davis RL, Silver P, Edwards
MS, Wilson CB: Development of multiple lesions during
radiation therapy and chemotherapy in patients with gliomas.
J Neurosurg 65:654-658, 1986

Combs SE, Widmer V, Thilmann C, Hof H, Debus J, Ertner
DS: Stereotactic radiosurgery (SRS): Treatment option for
recurrent glioblastoma multiforme (GBM). Cancer 104:2168-
2173, 2005

Curran WJ, Scott CB, Horton J, Nelson JS, Weinstein AS,
Fischbach AJ, Chang CH, Rotman M, Asbell SO, Krsich RE:
Recursive partitioning analysis of prognostic factors in three
Radiation Therapy Oncology Group malignant glioma trials. J
Natl Cancer Inst 85:704-710, 1993

D’ Amico RS, Englander ZK, Canoll P, Bruce JN: Extent of
resection in glioma- A review of the cutting edge. World
Neurosurg 103:538-549, 2017

DoV, GebskiV, Barton MB: The effect of waiting for radiotherapy
for grade lll/IV gliomas. Radiother Oncol 57(2):131-136, 2000

Gaspar LE, Fisher BJ, Macdonald DR, Leber DV, Halperin EC,
Schold SC, Cairncross JG: Supratentorial malignant glioma:
Patterns of recurrence and implications for external beam
local treatment. Int J Radiat Oncol Biol Phys 24:55-57, 1992

Gilbert MR, Wang M, Aldape KD, Stupp R, Hegi ME, Kurt AJ,
Armstrong TS, Wefel JS, Won M, Blumenthal DT, Mahajan A,
Schultz CJ, Erridge S, Baumert B, Hopskins Kl, Tzuk-Shina
T, Brown PD, Chakravarti A, Curran WJ, Mehta MP: Dose-
dense temozolomide for newly diagnosed glioblastoma: A
randomized phase Ill clinical trial. J Clin Oncol 31:4085-4091,
2013

Glinski, B, Urbanski J, Hetnal M, Malecki K, Jarosz M,
Malecka AM, Chrostowska A, Jakubowicz E, Blachut BF,
Dymek P: Prognostic value of the interval from surgery to
initiation of radiation therapy in correlation with some histo-
clinical parameters in patients with malignant supratentorial
gliomas. Contemp Oncol 16:34-37, 2012

Graus, F, Bruna J, Pardo J, Escudero D, Vilas D, Barcelo |, Brell
M, Pascual C, Crespo JA, Erro E, Garcia-Romero JC, Estela
J, Martino J, Garcia-Castafio A, Mata E, Lema M, Gelabert M,
Fuentes R, Pérez P, Manzano A, Aguas J, Belenguer A, Simon
A, Henriquez I, Murcia M, Vivanco R, Rojas-Marcos |, Muiioz-
Carmona D, Navas |, de Andrés P, Mas G, Gil M, Verger E:
Patterns of care and outcome for patients with glioblastoma
diagnosed during 2008-2010 in Spain. Neuro Oncol 15:797-
805, 2013

Gupta T, Nair V, Paul SN, Kannan S, Moiyadi A, Epari S, Jalali
R: Can irradiation of potential cancer stem-cell niche in the
subventricular zone influence survival in patients with newly
diagnosed glioblastoma? J Neurooncol 109(1):195-203, 2012

Haj A, Doenitz C, Schebesch KM, Ehrensberger D, Hau
P, Putnik K, Riemenschneider MJ, Gerken M, Pukrop T,
Brawanski A, Proescholdt MA: Extent of resection in newly
diagnosed glioblastoma: Impact of a specialized neuro-
oncology care center. Brain Sci 8(1):5, 2018

Halperin EC, Bentel G, Heinz ER, Burger PC. Radiation
therapy treatment planning in supratentorial glioblastoma
multiforme: An analysis based on post mortem topographic
anatomy with CT correlations. Int J Radiat Oncol Biol Phys
17:1347-1350, 1989

884 | Turk Neurosurg 33(5):870-886, 2023

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Han, SJ, Rutledge WC, Molinaro AM, Chang SM, Clarke JL,
Prados MD, Taylor JW, Berger MS, Butowski NA: The effect
of timing of concurrent chemoradiation in patients with newly
diagnosed glioblastoma. Neurosurgery 77:248-253, 2015

Hegi M, Diserens AC, Godard S, Dietrich PY, Regli L,
Ostermann S, Otten P, Melle G, Tribolet N, Stupp R: Clinical
trial substantiates the predictive value of O-6-methylguanine-
DNA methyltransferase promoter methylation in glioblastoma
patients treated with temozolomide. Clin Cancer Res
10(6):1871-1874, 2004

Hsieh PC, Chandler JP, Bhangoo S, Panagiotopoulos K,
Kalapurakal JA, Marymont MH, Cozzens JW, Levy RM, Salehi
S: Adjuvant gamma knife stereotactic radiosurgery at the time
of tumor progression potentially improves survival for patients
with glioblastoma multiforme. Neurosurgery 57:684-692, 2005

Hui CY, Rudra S, Ma S, Campian JL, Huang J: Impact of
overall corticosteroid exposure during chemoradiotherapy on
lymphopenia and survival of glioblastoma patients. J Neuro-
Oncology 143:129-136, 2019

Irwin C, Hunn M, Purdie G, Hamilton D: Delay in radiotherapy
shortens survival in patients with high grade glioma. J
Neurooncol 85(3):339-343, 2007

Johnson DR, O’Neill BP: Glioblastoma survival in the United
States before and during the temozolomide era. J Neurooncol
107:359-364, 2012

Keles GE, Anderson B, Berger MS: The effect of extent of
resection on time to tumor progression and survival in patients
with glioblastoma multiforme of the cerebral hemisphere. Surg
Neurol 52:371-379, 1999

Kim IH: Appraisal of re-irradiation for the recurrent glioblastoma
in the era of MGMT promotor methylation. Radiat Oncol J
37(1):1-12, 2019

Kim WJ, Dho YS, Ock CY, Kim JW, Choi SH, Lee ST, Kim
IL, Kim TM, Park CK: Clinical observation of lymphopenia
in patients with newly diagnosed glioblastoma. J Neuro-
Oncology 143:321-328, 2019

Kleihues P, Sobin LH: World Health Organization classification
of tumors. Cancer 88:2887, 2000

Kleinberg L, Sloan L, Grossman S, Lim M: Radiotherapy,
lymphopenia, and host immune capacity in glioblastoma:
A potentially actionable toxicity associated with reduced
efficacy of radiotherapy. Neurosurgery 85(4):441-453, 2019

Kong DS, Lee JI, Park K, Kim JH, Lim DH, Nam DH: Efficacy of
stereotactic radiosurgery as a salvage treatment for recurrent
malignant gliomas. Cancer 112:2046-2051, 2008

Lacroix M, Said DA, Fourney DR, Gokaslan ZL, Weiming
S, Demonte F, Lang FF, McCutcheon IE, Hassenbusch
SJ, Holland E, Hess K, Michael C, Miller D, Sawaya R:
A multivariate analysis of 416 patients with glioblastoma
multiforme: Prognosis, extent of resection, and survival. J
Neurosurg 95:190-198, 2001

Li J, Wang M, Won M, Shaw EG, Couglin C, Curran WJ, Mehta
MP: Validation and simplification of the Radiation Therapy
Oncology Group recursive partitioning analysis classification
for glioblastoma. Int J Radiat Oncol Biol Phys 81(3):623-630,
2011



39.

40.

41,

42.

43.

44.

45.

46.

47.

48.

49.

Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-
Branger D, Hawkins C, Ng HK, Pfister SM, Reifenberger
G, Soffietti R, von Deimling A, Ellison DW: The 2021 WHO
classification of tumors of the central nervous system: A
summary. Neuro-Oncology 23(8):1231-1251, 2021

Mendez JS, Govindan A, Leong J, Gao F, Huang J, Campian
JL: Association between treatment-related lymphopenia
and overall survival in elderly patients with newly diagnosed
glioblastoma. J Neuro-Oncol 127:329-335, 2016

Noel G, Huchet A, Feuvret L, Maire JP, Verrelle P, Rhun EL,
Aumont M, Thillays F, Sunyach MP, Henzen C, Missohou F, de
Crevoisier R, Bondiau PY, Collin P, Durando X, Truc G, Kerr C,
Bernier V, Clavier JB, Atlani D, D’Hombres A, Vinchon-Petit S,
Lagrange JL, Taillandier L: Waiting times before initiation of
radiotherapy might not affect outcomes for patients with glio-
blastoma: A French retrospective analysis of patients treated
in the era of concomitant temozolomide and radiotherapy. J
Neurooncol 109(1):167-175, 2012

Park KJ, Kano H, lyer A, Liu X, Niranjan A, Flickinger JC,
Lieberman FS, Lunsford LD, Kondziolka D: Salvage gamma
knife stereotactic radiosurgery followed by bevacizumab for
recurrent glioblastoma multiforme: A case-control study. J
Neurooncol 107(2):323-333, 2012

Parsons DW, Jones S, Zhang X, Lin JC, Leary RJ, Angenendt
P, Mankoo P, Carter H, Siu IM, Gallia GL, Olivi A, McLendon
R, Rasheed BA, Keir S, Nikolskaya T, Nikolsky Y, Busam DA,
Tekleab H, Diaz Jr LA, Hartigan J, Smith DR, Strausberg
RL, Marie SKN, Shinjo SMO, Yan H, Riggins GJ, Bigner DD,
Karchin R, Papadopoulos N, Parmigiani G, Vogelstein B,
Velculescu VE, Kinzler KW: An integrated genomic analysis
of human glioblastoma multiforme. Science (New York, NY)
321(5897): 1807-1812, 2008

Patel M, Siddiqui F, Jin JY, Mikkelsen T, Rosenblum M, Movsas
B, Ryu S: Salvage reirradiation for recurrent glioblastoma with
radiosurgery: Radiographic response and improved survival. J
Neurooncol 92:185-191, 2009

Petrelli F, De Stefani A, Ghidini A, Bruschieri L, Riboldi V,
Dottorini L, laculli A, Zaniboni A, Trevisan F: Steroids use and
survival in patients with glioblastoma multiforme: A pooled
analysis. J Neurol 268(2):440-447, 2021

Pollom EL, Fujimoto DK, Han SS, Harris JB, Tharin SA, Soltys
SG: Newly diagnosed glioblastoma: Adverse socioeconomic
factors correlate with delay in radiotherapy initiation and
worse overall survival. J Radiat Res 59:i11-i18, 2018

Pope WB, Sayre J, Perlina A, Villablanca JP, Mischel PS,
Cloughesy TF: MR imaging correlates of survival in patients
with high grade gliomas. AJNR Am J Neuroradiol 26:2466-
2474, 2005

Practical Radiation Technical Manual, Health Effects and
Medical Surveillance. IAEA-PRTM-2, Section 12, page 26.

Randolph DM, McTyre EM, Paulsson AK, Holmes JA, Hinson
WH, Lesser GJ, Strowd R, Lo HW, Laxton AW, Tatter SB,
Debinski W, Chan MD: Impact of timing of radiotherapy in
patients with newly diagnosed glioblastoma. Clin Neurol
Neurosurg 151:73-78, 2016

50.

51.

52.

53.

54.

55.

56.

57.

58.

50.

Demircan NV. et al: Multimodal Treatment of Glioblastoma

Rudra S, Hui C, Rao YJ, Samson P, Lin AJ, Chang X, Tsien C,
Fergus S, Mullen D, Yang D, Thotala D, Hallahan D, Campian
JL, Huang J: Effect of radiation treatment volume reduction
on lymphopenia in patients receiving chemoradiotherapy for
glioblastoma. Int J Radiat Oncol Biol Phys 101(1):217-225,
2018

Sanai N, Polley MY, McDermott MW, Parsa AT, Berger
MS: An extent of resection threshold for newly diagnosed
glioblastomas. J Neurosurg 115:3-8, 2011

Scoccianti S, Detti B, Gadda D, Greto D, Furfaro |, Meacci F,
Simontacchi G, Brina LD, Bonomo P, Giacomelli I, Meattini
I, Mangoni M, Cappelli S, Cassani S, Talamonti C, Bordi L,
Livi L: Organs at risk in the brain and their dose-constraints
in adults and in children: A radiation oncologist’s guide for
delineation in everyday practice. Radiother Oncol 114:230-
238, 2015

Scott JN, Rewcastle NB, Brasher PM, Fulton D, Hagen NA,
MacKinnon JA, Sutherland G, Cairncross JG, Forsyth P:
Long-term glioblastoma multiforme survivors: A population-
based study. Can J Neurol Sci 25:197-201, 1998

Shields LBE, Shelton BJ, Shearer AJ, Chen L, Sun DA, Parsons
S, Bourne TD, LaRocca R, Spalding AC: Dexamethasone
administration during definitive radiation and temozolomide
renders a poor prognosis in a retrospective analysis of newly
diagnosed glioblastoma patients. Radiat Oncol 10(1):222,
2015

Shrieve DC, Alexander E 3rd, Wen PY, Kooy HM, Black PM,
Loeffler JS: Comparison of stereotactic radiosurgery and
brachytherapy in the treatment of recurrent glioblastoma
multiforme. Neurosurgery 36:275-284, 1995

Spratt DE, Folkert M, Zumsteg ZS, Chan TA, Beal K, Gutin
PH, Pentsova E, Yamada Y: Temporal relationship of post-
operative radiotherapy with temozolomide and oncologic
outcome for glioblastoma. J Neurooncol 116(2):357-363,
2014

Stoyanov GS, Lyutfi E, Georgieva R, Georgiev R, Dzhenkov DL,
PetkovaL, lvanov BD, Kaprelyan A, Ghenev P: Reclassification
of glioblastoma multiforme according to the 2021 World
Health Organization Classification of central nervous system
tumors: A single institution report and practical significance.
Cureus 14(2):e21822, 2022

Stupp R, Hegi ME, Gorlia T, Erridge SC, Perry J, Hong YK,
Aldape KD, Lhermitte B, Pietsch T, Grujicic D, Steinbach
JP, Wick W, Tarnawski R, Nam DH, Hau P, Weyerbrock A,
Taphoorn MJB, Shen CC, Rao N, Thurzo L, Herrlinger U,
Gupta T, Kortmann RD, Adamska K, McBain C, Brandes AA,
Tonn JC, Schnell O, Wiegel T Kim CY, Nabors LB, Reardon
DA, den Bent MJ, Hicking C, Markivskyy A, Picard M,
Welle M: Cilengitide combined with standard treatment for
patients with newly diagnosed glioblastoma with methylated
MGMT promoter (CENTRIC EORTC 26071-22072 study): A
multicentre, randomised, open-label, phase 3 ftrial. Lancet
Oncol 15:1100-1108, 2014

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:
Radiotherapy plus concomitant and adjuvant temozolomide
for glioblastoma. N Engl J Med 352:987-996, 2005

Turk Neurosurg 33(5):870-886, 2023 | 885



Demircan NV. et al: Multimodal Treatment of Glioblastoma

60.

61.

62.

63.

Sun, MZ, Oh T, Ivan ME, Clark AJ, Safaee M, Sayegh ET, Kaur
G, Parsa AT, Bloch O: Survival impact of time to initiation
of chemoradiotherapy after resection of newly diagnosed
glioblastoma. J Neurosurg 122:1144-1150, 2015

Sur P, Sribnick EA, Patel SJ, Ray SK, Banik NL: Dexamethasone
decreases temozolomide-induced apoptosis in human
gliobastoma T98G cells. Glia 50(2):160-167, 2005

Tezcan Y, Koc M: 3-D conformal radiotherapy with concomitant
and adjuvant temozolamide for patients with glioblastoma
multiforme and evaluation of prognostic factors. Radiol Oncol
45(3):213-219, 2011

Valduvieco |, Verger E, Bruna J, Caral L, Pujol T, Ribalta T,
Boget T, Oleaga L, Pineda E, Graus F: Impact of radiotherapy
delay on survival in glioblastoma. Clin Transl Oncol 15:278-
282, 2013

886 | Turk Neurosurg 33(5):870-886, 2023

64. Wen PY, Macdonald DR, Reardon DA, Cloughesy TF,

65.

Sorensen AG, Galanis E, Degroot J, Wick W, Gilbert MR,
Lassman AB, Tsien C, Mikkelsen T, Wong ET, Chamberlain
MC, Stupp R, Lamborn KR, Vogelbaum MA, den Bent MJ,
Chang SM: Updated response assessment criteria for high-
grade gliomas: Response assessment in neuro-oncology
working group. J Clin Oncol 28(11):1963-1972, 2010

Yovino S, Kleinberg L, Grossman SA, Narayanan M, Ford E:
The etiology of treatment-related lymphopenia in patients
with malignant gliomas: Modeling radiation dose to circulating
lymphocytes explains clinical observations and suggests
methods of modifying the impact of radiation on immune
cells. Cancer Invest 31:140-144, 2013





