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Abstract

GBM on patients’survival.

certainty.

GTR of glioblastoma.

Background: Because of the continuing practice variation regarding the extent of glioblastoma (GBM) resection, we
sought to systematically examine the recent literature to evaluate the impact of the extent of resection of primary

Main body of the abstract: We examined all the published studies from January 2009 to January 2020 concerning
primary glioblastoma resection and survival. The data synthesis was performed using the random-effects model in
Review Manager (version 5.3; Cochrane Collaboration). Eight studies met our selection criteria. The included studies
involved a total of 2249 patients. A total of 1247 patients underwent gross total resection (GTR) of the GBM, and 1002
experienced an incomplete resection. The mean progression-free survival for GTR versus incomplete resection was 10
versus 6.3 months, and the mean overall survival (GTR vs. incomplete resection) was 28.7 versus 13.5 months. Using
the random-effects model, the outcome results revealed that GTR was insignificantly different than incomplete resec-
tion on survival among the included cases (P value: 0.47). The quality of evidence of the available studies was of low

Conclusion: The outcome results revealed that gross total resection was insignificantly different than incomplete
resection on survival among the included cases (P value: 0.47). However, the quality of evidence of the available stud-
ies was of low certainty. Additionally, no data on patients' quality of life were reported across the included studies.
Thus, prospective randomized controlled trials are required to investigate both the safety and the survival benefit of
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Background
Glioblastoma (GBM) constitutes the most common pri-
mary malignant brain tumor in adults and continues to
represent a great challenge for neurosurgeons [1].

The recent WHO Classification of Tumors of the cen-
tral nervous system (CNS) diagnosed glioblastoma in the
setting of an IDH-wildtype diffuse and astrocytic glioma
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in adults with microvascular proliferation or necrosis or
TERT promoter mutation or EGFR gene amplification
or+7/—10 chromosome copy number changes [2].

The clinical presentation of a patient with a newly diag-
nosed primary GBM is dependent on the size, location,
and degree of infiltration of the tumor [3].

The current first-line treatment for newly diagnosed
GBM is composed of maximal safe tumor resection, fol-
lowed by combined radiotherapy and adjuvant temozolo-
mide [4].

Moreover, it is thoroughly recognized that GBM is a
diffusely infiltrating neoplasm that typically invades mul-
tiple lobes of the brain on diagnosis [5].
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There is no consensus on the definition of gross total
resection of GBM, hence the widespread practice varia-
tion among neurosurgeons. In addition, the overall sur-
vival of patients with GBM varies significantly and there
are long survivors in spite of incomplete resection [6].

Because of this continuing practice variation regard-
ing the extent of GBM resection, we sought to systemati-
cally examine the recent literature to evaluate the impact
of the extent of resection of primary GBM on patients’
survival.

Main text

Methods

The present study was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [7].

Information sources and search strategy

The following electronic databases were searched on 1
February 2020: PubMed, Google Scholar, MEDLINE,
Embase, and science Direct, using the keywords as glio-
blastoma; malignant glioma; survival; surgical outcome;
prognosis; extent of resection; tumor excision; Debulk-
ing; GBM; malignant glioma; microsurgery.

Eligibility criteria

Types of studies All published studies from January
2009 to January 2020 concerning GBM resection and
survival including randomized controlled studies,
cohort studies, and case series.

Types of participants Adult patients with histopatho-
logically confirmed GBM.

Types of interventions Surgical excision of newly
diagnosed GBM.

Types of outcome measures Survival rate after GBM
resection.

Exclusion criteria

Systematic reviews, technical notes, letters, and com-
ments.

Studies not written in English.

Studies that selectively examined GBM in a non-elo-
quent area.

Studies discussing Recurrent or multiple GBM.
Studies that included other brain tumors.

Study selection
After removing duplicate records, all titles and abstracts
were screened by two authors (MA and MS). The full
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texts of the studies that passed the initial screening
underwent full eligibility assessment against the inclusion
and exclusion criteria. Any uncertainties were resolved
through discussion between the study team.

Data extraction

Studies that met the inclusion criteria were reviewed,
and data were analysed. We assessed the participants,
methods, and intervention effects of the included studies
for heterogeneity. This enabled us to determine whether
results can be pooled across studies.

Data items

We collected data on study characteristics including first
author name, year of publication, study design, number
of patients, median age, gender, and survival rates.

Evidence of publication bias
Publication bias was assessed with funnel plots.

Statistical considerations

The data synthesis was performed using the random-
effects model in Review Manager (version 5.3; Cochrane
Collaboration). Significance was established using Cls at
the level of 95% or P value <0.05.

We evaluated the overall body of evidence utilizing
the Grading of Recommendations, Assessment, Devel-
opment and Evaluations (GRADE) system. The GRADE
rating scale assigns high, moderate, low, or very low-reli-
ability categories to a body of evidence [8].

Results

Study selection

The flow diagram of the study selection processes is
shown in Fig. 1.

The initial search from the electronic databases
yielded 831 studies. By properly reading the titles and
the abstracts, seven hundred and fifty-five reports were
excluded as duplicates or for investigating irrelevant
topics.

A total of 76 studies was retrieved for full-text evalu-
ation, from which 68 were further excluded as they did
not meet our selection criteria. There were no other eli-
gible studies from the manual search of the reference lists
of these studies. In the end, eight studies met our crite-
ria and were selected for the final systematic review and
meta-analysis.

Study characteristics

The year of publication and the type of the included
studies are demonstrated in Table 1. Eight studies were
included; five were retrospective and three were prospec-
tive studies [9-16].
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Fig. 1 Flow diagram of the literature search and study selection processes

68 articles were
— excluded

Eight studies met our
selection criteria

Table 1 Types of the included studies:

No. Studies Year of Type of the study
publication

1 Byun etal. [9] 2019 Retrospective

2 Esquenazi et al. [10] 2017 Retrospective

3 Pessina etal. [11] 2017 Retrospective

4 Hamada and Abou-Zeid [12] 2016 Prospective

5 Lietal.[13] 2016 Retrospective

6 Kreth et al. [14] 2013 Prospective

7 Ewelt et al. [15] 2011 Retrospective

8 Allahdini et al. [16] 2010 Prospective

Patients’ characteristics of the included studies

As shown in Table 2, a total of 2249 cases was included
with a mean age of 56.6 years. 1388 patients were
males.

Tumor characteristics
The tumor locations mentioned in the included studies
in descending order were Frontal, Parietal, Temporal,
Occipital, Insular, and thalamic.

For all the included cases, the mean preoperative
tumor volume was 41.8 cm® and the mean postopera-
tive tumor volume was 22.15cm?.
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Table 2 Patients characteristics:
No. Studies Year of publication Number of patients Mean age Males
1 Byun etal. [9] 2019 110 57 68
2 Esquenazi et al. [10] 2017 86 56 57
3 Pessinaetal. [11] 2017 282 61 177
4 Hamada and Abou-Zeid [12] 2016 59 4857 43
5 Lietal [13] 2016 1229 557 758
6 Kreth et al. [14] 2013 345 61 209
7 Ewelt etal. [15] 2011 103 65 52
8 Allahdini et al. [16] 2010 35 49.3 24
Table 3 Extent of resection . ) ]
Heterogeneity: (I"'=99%) Tau? = 3.64; chi> = 581.40,
No. Studies Year of Grosstotal  Incomplete Test for overall effect; (P-value = 0.47)
publication resection resection (%)
(%) Odds Ratio

M-H, Random, 95% CI
1 Byun et al. [9] 2019 29.09 7091
2 Esquenazietal. [10] 2017 29.06 70.94 e
3 Pessinaetal. [11] 2017 18.79 81.21 ——
4 Hamada et al. [12] 2016 67.79 32.21 k=3
5 Lietal [13] 2016 71.27 2873 _—:_
6 Kreth et al. [14] 2013 45.79 54.21 —_—
7 Ewelt etal. [15] 2011 4510 54.90 e
8 Allahdinietal.[16] 2010 48.57 5143

=0.01 0?1 1=0 1 00:
Non GTR GTR

Surgical characteristics Fig. 2 Forest plot for gross total resection (GTR)

The extent of resection in each study is demonstrated
in Table 3. Altogether, 55.44% (1247 patients) of all the
included cases underwent gross total resection, while
44.55% sustained incomplete resection.

Outcome measures

Altogether, the mean progression-free survival (PES)
for GTR versus incomplete resection was 10 versus
6.3 months, and the mean overall survival (OAS) for GTR
versus incomplete resection was 28.7 versus 13.5 months.

Studies heterogeneity

There is significant heterogeneity among the included
studies (I 99%) which is a consequence of clinical and
methodological diversity among the studies. Subgroup
analysis indicated that the number of cases in each study,
the publication year, the Country of the study, and the
study quality might affect the therapeutic effects of the
extent of resection on survival. In addition, meta-regres-
sion was not considered due to the limited number of the
included studies and the small number of patients in each
study.

Publication bias
The Forest plot for the included studies is revealed in
Fig. 2 and Table 4.

A funnel plot was constructed and compared GTR
to incomplete resection in the included studies and is
shown in Fig. 3.

Using the random-effects model, the outcome results
revealed that GTR was insignificantly different than
incomplete resection in survival among the included
cases (P value: 0.47). The quality of evidence of the pre-
sent studies was of low certainty.

Discussion
The overall survival of patients with GBM varies sig-
nificantly, and there are long survivors with incomplete
resection [6]. So, we sought to systematically examine the
literature to detect the impact of the extent of resection
of primary GBM on survival.

Eight studies met our selection criteria with a total of
2249 patients. Gross total tumor resection was applied
for 1247 patients (55.44%), and 1002 patients underwent
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Table 4 Forest plot for gross total resection
Studies Total cases in each Gross total Incomplete Weight (%) Odds ratio
study resection resection random effects,
95%(Cl
Byun et al. [9] 110 32 78 125 0.17[0.09, 0.30]
Esquenazi et al. [10] 86 25 61 124 0.17[0.09,0.32]
Pessinaetal. [11] 282 53 229 12.7 0.09[0.06,0.14]
Hamada and Abou-Zeid [12] 59 40 19 123 443 [2.05,9.59]
Lietal [13] 1229 876 353 128 6.16 [5.17,7.33]
Kreth etal. [14] 345 158 187 12.7 0.71[0.53,0.96]
Eweltetal. [15] 103 46 57 125 0.65[0.38,1.13]
Allahdini et al. [16] 35 17 18 121 0.56 [0.22,1.45]
Total (95% Cl) 2249 cases 100 0.611[0.16,2.32]
Cl confidence interval
0 SE(log[OR])
T 1
i
I
1
1
I
I
014 ! ©
I
I
1
10
i
I
02T @] |
i
1
1
I
O
0.3+ (@] !
I
O i
I
I
1
0.4+ i o
i
1
I
I
1
OR
0.5 t a t |
0.01 0.1 10 100
Fig. 3 Funnel plot for gross total resection (GTR)

incomplete resection. Mean PFS (GTR vs. incomplete
resection) was 10 months versus 6.3 months and mean
OAS (GTR vs. incomplete resection) was 28.7 versus
13.5 months.

Using the random-effects model, the outcome results
revealed that GTR was insignificantly different than
incomplete resection in survival among the included
cases (P value: 0.47). However, the quality of evidence of
the available studies was of low certainty. Therefore, it
remains unclear whether GTR of glioblastoma actually
improves survival than incomplete resection.

GBM location near the eloquent areas is critical in
clinical decision-making; hence, it remains a crucial
prognostic factor. However, no clear comparison with
GBMs located in the eloquent areas is available. GBMs
located in the non-eloquent areas such as the frontal or
temporal poles could possibly undergo safe GTR [17].

GTR should not be attempted at any cost. The aim
of GBM surgery should be to maximize the extent of
resection without causing new neurological deficits and
maintaining a good quality of life for patients.
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Li et al. [13] performed the first study that presented
the effect of T2 fluid-attenuated inversion recovery
(FLAIR) resection of GBM to improve the survival of
patients.

There is no consensus on the definition of gross total
resection of GBM. Gross total resection can be defined
as the removal of all the tumor, as detected by mag-
netic resonance imaging whether on T2WT or FLAIR
[18].

Extending the tumor resection could be considered
by performing awake craniotomies with additional
imaging adjuncts like the intraoperative MRI, ultra-
sound, and 5-ALA guidance [19].

However, despite these intraoperative technologies
that allow real-time visualization of tumor borders,
a clear differentiation between the normal brain and
the residual tumor continues to be a major challenge.
Hopefully, by combining multiple technologies, we may
achieve a safe and nearly total tumor resection [20].

We found in our review that the incidence of the
postoperative new neurological deficit was deficient
in most of the included studies and was reported only
descriptively, without the use of validated tests and
quantitative outcome measures. Additionally, no data
on patients’ quality of life were reported across the
included studies. The safety of the GTR, therefore,
could not be confirmed.

Overall, the results of our analysis should be inter-
preted with caution because of several limitations.
First, the heterogeneity across the analyzed studies,
which possibly arose from several factors, like the dif-
ferences in defining GTR and the non-randomized
treatment assignment. The definitions of GTR across
the studies varied from additional resection of fluo-
rescing tumor tissue to total resection of T2-weighted
or FLAIR hyperintensity. The lack of a consensus in
defining GTR made it challenging to draw clear con-
clusions that would benefit the clinical practice of neu-
rosurgeons. Second, because the safety of resecting
T2 weighted or FLAIR hyperintense regions remains
unclear, GTR was likely performed for a selected group
of patients and not for tumors located in eloquent brain
areas. Third, the exact characteristics of tumor grade,
molecular status, and the exact tumor location were
not available in most studies, restricting further strati-
fied analyses. Forth, the adjusted factors differed across
the included studies, and such factors might perform a
critical role in the prognosis of GBM. These prognos-
tic factors include age, Karnofsky Performance Status
Scale (KPS) score, tumor volume, and tumor location.
With consideration of these limitations, we employed
a random-effects model to provide an interpretation of
the treatment effect of GTR.
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Future directions

Prospective randomized controlled trials are required
to investigate both the safety and the survival benefit of
GTR of GBM. These trials should clearly standardize the
definition of GTR. Such a standardized definition of GTR
would be expected to improve comparability between
studies and improve the quality of evidence of the new-
coming studies.

Ultimately, validated measures for postoperative neu-
rological outcomes and quality of life assessments should
be used to study the benefit of GTR of glioblastoma on
patients’ survival and safety.

Conclusions

The outcome results revealed that GTR was insignifi-
cantly different than incomplete resection in survival
among the included cases. The quality of evidence of the
available studies was of low certainty. Additionally, no
data on patients’ quality of life were reported across the
included studies. Therefore, it remains unclear whether
GTR is safe and actually improves the survival of patients
with GBM. Prospective randomized controlled trials are
required to investigate both the safety and the survival
benefit of GTR of glioblastoma.
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