International Journal of Surgery 63 (2019) 90-97

Contents lists available at ScienceDirect

International Journal of Surgery

journal homepage: www.elsevier.com/locate/ijsu

Review

Comparative assessment of the efficacy of gross total versus subtotal total
resection in patients with glioma: A meta-analysis

Check for
updates

z

Shuang Tang™', Jin Liao™', Yong Long""

 2nd Department of Neurology Central, Suining Central Hospital, Suining, 629000, China
® 1st Department of Neurology Central, Suining Central Hospital, Suining, 629000, China

ARTICLE INFO ABSTRACT

Keywords: Background: 1t is controversial whether to plan for a subtotal or gross total resection (GTR) of lesions in patients
Efficacy with gliomas. Several studies have demonstrated that GTR may be superior to subtotal resection (STR) with
Glioma regard to improving the survival rates of patients with glioma. Thus, the present meta-analysis was designed to
s:(‘:;g:::l resection compare and evaluate the efficacy of GTR for improving clinical outcomes of patients with glioma.

Methods: We searched the Cochrane Library, PubMed, Embase, and Web of Science for the interval between
March 1972 to November 2018 to identify relevant original studies that compared the efficacy of GTR and STR
in patients with gliomas. Mean differences (MDs) with 95% confidence intervals (CIs) were estimated to compare
the outcomes of the GTR and STR groups. We also performed subgroup and sensitivity analyses to further
explore the effects of the extent of surgical resection (EOR) and assess the stability of the combined results. Two
external (blinded) reviewers assessed the quality of the trials and the extracted data independently. All statistical
analyses were performed using standard statistical procedures provided in Review Manager 5.2.

Results: We included 42 studies (N = 5920 participants) in this meta-analysis. Significantly superior efficacy was
detected for GTR to improve overall survival compared to STR (MD 4.01, 95% CI 2.52-5.51; P < 0.00001), 5-
year survival rate (OR 4.08, 95% CI 3.02-5.52; P < 0.00001), progression-free survival (MD 2.08, 95% CI
0.26-3.89; P = 0.02), seizure control (OR 4.25, 95% CI 2.99-6.05; P < 0.00001), and reducing the incidence of
malignant transformation (OR 0.28; 95% CI 0.13-0.60; P = 0.001) in patients with glioma.

Conclusions: Our meta-analysis supports the superior efficacy of GTR on survival, functional outcome, tumor
progression, seizure control, malignant transformation, morbidity, and mortality in patients with glioma.

1. Introduction

Brain tumors, particularly gliomas, are one of the most common
types of primary intracranial tumors [1]. According to the 2012 report
from GLOBOCAN, cancers of the brain and central nervous system ac-
counted for 256,000 new cases and 189,000 deaths in 2012 (1.8% of
new cancers; 2.3% of cancer deaths) [2]. The highest incidence and
mortality rates occurred in more developed regions (Australia/New
Zealand, Europe, and North America) and were lowest in Africa and the
Pacific [2]. A glioblastoma, classified as a grade IV glioma by the World
Health Organization, is a common type of glioma, accounting for 80%
of all primary malignant central nervous system tumors [3]. Even
though many therapeutic advances have been introduced in the past
few decades, such as resection, irradiation with adjuvant

temozolomide, and experimental chemotherapy, the overall 5-year
survival rate of patients with glioma remains poor [4,5]. Malignant
gliomas lead to high rates of morbidity and mortality. Even with op-
timal treatment, median survival is 12-15 months for glioblastoma and
is 2-5 years for anaplastic glioma [6].

Although previous studies have indicated improved clinical out-
comes with a greater extent of resection in adults, the efficacy of the
extent of surgical resection (EOR) in patients with high-or low-grade
gliomas remains a topic of debate, particularly in elderly patients [7-9].
Geriatric patients are often considered poor surgical candidates and
suffer from high rates of perioperative morbidity and mortality, because
of their coexisting medical comorbidities, polypharmacy, and poor
physiological reserves [10-12]. The risks of an extensive resection and
only modest apparent survival benefit associated with tumor debulking
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have led some authors to favor biopsy over cytoreductive surgery in
elderly patients [13]. Others have advocated for a maximally safe re-
section [14].

Several studies have focused on the efficacy of EOR in patients with
gliomas. However, the results of some studies remain controversial
[15-19]. Furthermore, their sample sizes were small [15,20-24].
Therefore, this meta-analysis analyzes and evaluates the efficacy of
gross total resection (GTR) and subtotal resection (STR) in patients with
glioma. The items evaluated included survival, seizure control, malig-
nant transformation, mortality, and postoperative Karnofsky perfor-
mance status (KPS), and the results yielded convincing conclusions
based on a sufficiently large sample size. This study was conducted in
accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) and Assessing the Methodological Quality
of Systematic Reviews (AMSTAR) guidelines.

2. Methods and materials
2.1. Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were: (1) randomized
controlled trials and observational studies (prospective and retro-
spective); (2) patients with a diagnosis of glioma; (3) studies that
compared the outcomes of GTR and STR for glioma; (4) relevant out-
comes, including survival, seizure control, malignant transformation,
mortality, and postoperative KPS were reported or were obtainable.

Exclusion criteria were: (1) trials on animals; (2) abstracts, letters,
editorials, expert opinions, reviews, case reports; (3) patients with other
primary tumors; (4) studies without sufficient data; (5) duplicate arti-
cles; and (6) extent of tumor removal not specified.

2.2. Search strategy

The PubMed, Embase, Cochrane Library, and Web of Science data-
bases were searched for the interval between March 1972 and
November 2018. Our Medical Subject Heading (MeSH) search terms
terms were: (a) glioma*, brain cancer*, *crania* carcinoma*, and
glioblastoma; (b) resection, excision and surgery; (c) outcome, prog-
nosis, survival, and efficacy. References of studies with potential re-
levance and review studies were screened manually to identify any
eligible resources that were not previously identified. Two assessors
independently screened the titles and abstracts of each study. After
relevant studies were identified, the full texts were obtained for further
evaluation.

2.3. Quality assessment

Two reviewers assessed the quality of all of the included studies
independently using the 9-star Newcastle-Ottawa Scale (NOS), and the
total scores of each study were recorded in a characteristics table. If
reviewers held different opinions, they turned to the third reviewer for
the final results of the NOS score. The scores were judged according to
the three evaluation aspects of NOS: selection, comparability, and
outcome between the case and control group. Studies with scores =6
were considered high-quality studies [25]. A proportion of high-quality
studies =70% were thought good oeverall quality of included studies.

2.4. Data extraction

Data for the analysis were extracted independently by two in-
dependent reviewers, and any disagreement was resolved by discussion.
If the discussion failed to reach an agreement, they turned to the third
reviewer. The extracted contents included study demographics, pub-
lished year, country, trial design, and outcomes, using a standardized
form. This study was performed with strict adherence to the PRISMA
and AMSTAR guidelines [26].
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Data were entered into RevMan 5.2 software for analysis [27].
2.5. Statistical analysis

Data of comparable outcomes between the GTR and STR groups
were analyzed using the standard statistical procedures provided in
RevMan 5.2 [27]. The mean difference (MD) of overall survival (OS) or
progression free survival (PFS) time and its associated 95% confidence
interval (CI) were measured. Heterogeneity between studies was eval-
uated using the chi-square-based Q statistical test [28], with a P-value
and I? statistic ranging from 0% to 100% to quantify the effect of het-
erogeneity. Phererogeneiy (Pn) < 0.10 was deemed to represent significant
heterogeneity [29]. The pooled MD was estimated using a random-ef-
fects model (the DerSimonian and Laird method [30]). If statistical
heterogeneity was not observed (P;, > 0.10), a fixed-effects model (the
Mantel-Haenszel method [31]) was used. The effects of outcome
measures were considered significant if pooled MDs with 95% CI did
not overlap with 0. A subgroup analysis was performed for the pooled
results of the effect of OS in patients with glioma according to high-
grade glioma and low-grade glioma.

3. Results
3.1. Included studies, study characteristics, and quality assessment

At the beginning of the search, 5876 citation records were obtained;
3755 records were obtained after duplicates were removed. After
screening the titles and abstracts of the 3755 citations, 3204 studies
were excluded preliminarily, and 551 studies were chosen to gather the
full text for further evaluation. After reading the full texts of the 551
studies, 457 studies were excluded for several reasons and 94 full ar-
ticles were obtained for further evaluation. In the 94 full articles, 52 of
them were repeated with other studies and were excluded, then we
reserved the ultramodern data or high-quality studies. Eventually, 42
studies [15-24,32-63] (N = 5920 participants) were included in this
meta-analysis (Fig. 1). The sample sizes ranged from 11 to 508 patients
(Table S1). Thirty-two studies were designed as retrospective studies,
and 10 studies (23.8%) were designed as prospective studies. Four
studies had a NOS score of 8, 15 studies had a NOS score of 7, 17 studies
had a NOS score of 6, and 6 studies had a NOS score of 5. Approxi-
mately 85.7% of the studies were of good quality which achieved our
requirement.

The detailed search process and summary of the studies are shown
in the study flow diagram (Fig. 1). The other characteristics of each
study are shown in Table S1.

3.2. Efficacy of GTR for improving OS of gliomas

As shown in Fig. 2, a significant result was obtained with a pooled
MD of 4.01 (95% CI 2.52-5.51; P < 0.00001) on comparing the effects
of GTR and STR for improving the OS of patients with gliomas. The
pooled analysis was estimated using random-effects models because
significant heterogeneity (P, < 0.00001 and I*> = 84%) was found
among studies. Additionally, we respectively pooled, compared, and
analyzed the efficacy of GTR and STR in high- and low-grade glioma.
Significant combined results were also observed in both high- and low-
grade glioma, with pooled MDs of 3.26 (95% CI 2.10-4.42;
P < 0.00001) and 3.87 (95% CI 1.76-5.98; P = 0.0003), respectively.
These results indicate that patients who received GTR experienced
longer OS time than those who received STR (Figs. 3 and 4). The
analyses were estimated using random-effect models for significant
heterogeneity (P, < 0.10), except the analysis of the comparison be-
tween GTR and STR for high-grade glioma, which was estimated using a
fixed-effect model, as no significant heterogeneity was found
P = 0.26, 2 = 19%).

As shown in Table 1, we also conducted a subgroup analysis
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5875 of records identified 1 of additional records identified
through database searching through other sources

| |
!

‘3755 of records after duplicates removed

3204 of records excluded through title
‘ 3755 of records screened ] screening

457 of full-text articles excluded, with reasons

198 of records did not report relevant
outcomes

122 of recards mixed other tumor pathology

12 of records included participants with other
primary tumors

124 of records were about case repaorts,
reviews and letters

551 of full-text articles

assessed for eligibility *

1 of record could not get the full text

52 full articles were excluded for
repeated data or publishes

‘94 of studies included in qualitative synthesis

[42 of studies included in quantitative synthesis (meta-analysis)

Fig. 1. Flow diagram showing the search strategy for studies included in this systematic review.

GTR STR Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Abdulrauf Sl et al. 1998 6.6 15255 21 28 5.2% 6.60 [3.61, 9.59] _—
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Test for overall effect: Z= 5.26 (F < 0.00001) Favours [STR] Favours [GTR]

Fig. 2. The comparison between GTR and STR for overall gliomas regarding the overall survival time.
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GersteinJ etal. 2010 1192 1075 13 15  03% 11.92[9.15 3299 *¢ 4
Kimple RJ etal. 2010 354 2456 8 7 58%  3.54[1.27,8.34) ——*
Laigle DF etal. 2010 701 3428 4 14 30%  7.01[0.28,13.73] -
Lee JH etal. 2013 239 19594 8 3 01% 23.80[14.50,62.30] ¢ >
Mukherjee D etal. 2014 2 1875 33 46 88%  2.00[-1.87,587 g
Oszvald Aetal. 2012 B3 2216 19 35 71%  6.30[1.96,10.64] -
Stummer ¥ et al. 2008 28 2195 50 70 72%  2.80F1.50,7.10) I R —
Vuorinen ¥ et al. 2003 B85 3858 2 8 23%  6.85[0.71,14.41] I
Total (95% Cl) 238 314 100.0%  3.26[2.10,4.42] -
Heterogeneity: Chi*=12.41, df= 10 (P = 0.26); F=19% g T— TR

Test for overall effect: Z=5.52 (P < 0.00001)

0 2

Favours [STR] Favours [GTR]

Fig. 3. The comparison between GTR and STR for high-grade glioma regarding the overall survival time.

according to the study design and sample size. Our subgroup analysis
results showed that GTR resulted in a significant improvement in OS in
all subgroups of patients with glioma when compared with STR. Ad-
ditionally, we combined the results of our included studies, and the
pooled results showed that mean OS increased from 9.34 months
(7.84-10.8) in patients with high-grade glioma undergoing resection of
any extent to 8.68 months (7.87-9.48) in STR to 14.04 months (95% CI:
12.8-15.2) in the GTR group. Similarly, mean OS in the low-grade
glioma group increased from 4.78 years (3.04-6.53) in patients un-
dergoing resection of any extent to 6.68 years (4.19-9.16) in STR to
10.65 years (6.78-14.52) in the GTR group (Table 2).

3.3. Efficacy of GTR for improving 5-year survival rate of glioma

This study also compared and analyzed the efficacy of GTR and STR
for improving the 5-year survival rate of low-grade glioma. A combined
analysis result of 14 studies showed that GTR was superior for im-
proving the 5-year survival rate of low-grade glioma compared to STR,
with a pooled OR of 4.08 (95% CI 3.02-5.52; P < 0.00001) (Fig. 5).
The analysis was estimated using a fixed-effect model, as no significant
heterogeneity was found (P, = 0.21, I?=23%). These results indicate
that patients who received GTR experienced a higher 5-year survival
rate comparing with those who received STR.

3.4. Efficacy of GTR for improving PFS of glioma

We compared the PFS of patients with glioma who received GTR
and STR. The combined results indicated that GTR improved PFS of
low-grade gliomas better than that of STR, with a pooled MD of 2.08
(95% CI 0.26-3.89; P = 0.02) (Fig. 6). The analysis was estimated using
a random-effect model, as significant heterogeneity was found

(P, < 0.00001, ¥ = 90%). This result indicates that patients who re-
ceived GTR experienced longer PFS than those who received STR. The
pooled results from all included studies showed that mean PFS in-
creased from 5.47 months (3.54-7.39) in patients with high-grade
glioma undergoing resection of any extent to 4.31 months (3.48-5.14)
in STR to 7.03 months (5.85-8.23) in the GTR group. Similarly, the
mean PFS of patients with low-grade glioma increased from 3.09 years
(2.20-3.97) in patients undergoing resection of any extent and 3.41
years (2.09-4.73) in STR to 5.11 years (3.04-7.18) in the GTR group
(Table 2).

3.5. Efficacy of GTR for improving seizure control in patients with glioma

We also compared the effects of GTR and STR in seizure control rate
of patients with low-grade gliomas. The pooled results showed that
seizure control of low-grade gliomas was improved by GTR more than
that by STR, with a pooled OR of 4.25 (95% CI 2.99-6.05;
P < 0.00001) (Fig. 7). The analysis was estimated using a fixed-effect
model because no significant heterogeneity was found (P, = 0.84,
I? = 0%). The result indicates that GTR increased the seizure control
rate compared with STR. Similarly, the mean seizure-free rate increased
from 68.7% (62.6-74.2) in patients with low-grade glioma undergoing
resection of any extent and 54.2% (48.7-59.6) in STR to 81.0%
(74.6-86.2) in the GTR group (Table 2).

3.6. Efficacy of GTR for reducing the incidence of malignant transformation
and mortality

Our pooled results indicate that GTR was more effective in reducing
malignant transformation of low-grade gliomas than STR, with a pooled
OR of 0.28 (95% CI 0.13-0.60; P = 0.001) (Fig. 8). The analysis was

GTR STR Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Abdulrauf Sl et al. 1998 66 15255 21 28 85%  BE0[361,9.59 S
CoburgerJ etal. 2016 1187 13164 138 105 89% 11.67[9.09,14.25] ’
Dehghani F et al. 1998 15 13878 36 29 87%  1.50[1.22,4.23 B
Floeth Fw et al. 2007 -023 0DB174 3 9 9.9% -0.23[1.44,09§ -
Heesters M et al. 2003(1) 384 08643 30 124 94%  384[1.95573 —
Heesters M et al. 2003(2) 612 14847 19 33 86%  6.12[3.21,9.03 =
Houillier C etal. 2010 0 07755 108 95 97%  0.00}1.52 152 1
Komine C etal. 2003 467 1551 24 25 B4%  467[1.63,7.71] e
Leighton C etal. 1897 226 0847 82 84 96%  226[0.60,392 —
Lin-L T etal. 2012 034 11735 27 58 91%  0.34[1.96 264 —F
Nakarmura M et al. 2000 7 11582 43 45 91%  7.00[473,8.27] -
Total (95% CI) 531 635 100.0%  3.87[1.76,5.98] ol
Heterogeneity: Tau®= 11.35; Chi*= 114,567, df= 10 (P =< 0.00001); F=91% I N

Test for overall effect: Z= 3.59 (P = 0.0003)

Favours [STR] Favours [GTR]

Fig. 4. The comparison between GTR and STR for low-grade glioma regarding the overall survival time.
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Table 1
The pooled results of subgroup analysis for the OS of overall gliomas.
Groups/Subgroups Pooled results Heterogeneity
MD 95% CI P value P Py, value Analytical effect model
Grade
High-grade glioma 3.26 2.10, 4.42 < 0.00001 19% 0.26 Fixed-effect model
Low-grade glioma 3.87 1.76, 5.98 0.0003 91% < 0.00001 Random-effect model
Study design
Prospective 3.42 0.50, 6.35 0.02 73% 0.002 Random-effect model
Retrospective 4.22 2.46, 5.99 < 0.00001 84% < 0.00001 Random-effect model
Sample size
<100 4.26 1.74, 6.78 0.0009 80% < 0.00001 Random-effect model
100-300 3.87 1.26, 6.48 0.004 90% < 0.00001 Random-effect model

MD, mean difference; CI, confidence intervals.

Table 2
The pooled results of included studies.

Incidence

Resection of any extent

Subtotal resection Gross-total resection

Low-grade glioma
Mean overall survival (years)
Mean progression-free survival (years)
Seizure free (%)
Mortality (%)
Malignant transformation (%)
High-grade glioma
Mean overall survival (months)
Mean postoperative KPS
Mean progression-free survival (months)
Mortality (%)
Morbidity (%)

4.78 (3.04-6.53)
3.09 (2.20-3.97)
68.7 (62.6-74.2)
1.0 (0.5-2.0)

46.5 (28.1-66.0)

9.34 (7.84-10.8)
71.16 (63.29-79.03)
5.47 (3.54-7.39)
2.1 (0.01-0.04)
12.3 (0.09-0.17)

6.68 (4.19-9.16)
3.41 (2.09-4.73)
54.2 (48.7-59.6)
2.3 (1.2-4.4)

47.5 (30.3-65.4)

10.65 (6.78-14.52)
5.11 (3.04-7.18)
81.0 (74.6-86.2)
3.1 (1.5-6.5)

15.9 (4.2-44.7)

8.68 (7.87-9.48)
65.16 (47.12-83.2)
4.31 (3.48-5.14)
2.8 (0.01-0.11)
12.7 (0.07-0.22)

14.04 (12.8-15.2)
75.87 (61.18-89.55)
7.03 (5.85-8.23)
1.5 (0.01-0.09)

6.6 (0.03-0.16)

estimated using a fixed-effect model because no significant hetero-
geneity was found (P, = 0.42, = 0%). Similarly, the mean malignant
transformation rate of low-grade glioma decreased from 46.5%
(28.1-66.0) in patients undergoing resection of any extent and 47.5%
(30.3-65.4) in STR to 15.9% (4.2-44.7) in the GTR group (Table 2).
However, our results showed a difference in mortality between
patients with low- and high-grade glioma. The mean mortality rate of
patients with low-grade glioma increased from 1.0% (0.5-2.0) in pa-
tients undergoing resection of any extent and 2.3% (1.2-4.4) in STR to
3.1% (1.5-6.5) in the GTR group, but the mean mortality rate in pa-
tients with high-grade glioma decreased from 2.1% (0.01-0.04) un-
dergoing resection of any extent and 2.8% (0.01-0.11) in STR to 1.5%

(0.01-0.09) in the GTR group; the mean morbidity rate decreased from
12.3% (0.09-0.17) in patients undergoing any extent of resection and
12.7% (0.07-0.22) in STR to 6.6% (0.03-0.16) in the GTR group
(Table 2).

4. Discussion

The role of increasing EORs in the surgical management of glioma
remains controversial. When multiple degrees of resection can be
achieved safely, it is controversial whether to plan for an operative
strategy involving STR or GTR of the lesion. This controversy is based in
the unclear benefits and concerns about higher rates of mortality and

GTR STR Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed, 95% CI
Abdulrauf Sl et al. 1998 18 21 16 28 4.2% 4.50[1.07,18.86] —*
Arienti WM et al. 2001 3 5 17 34 3IT% 1.50[0.22,10.14] g
Dehghani F etal. 1998 34 36 16 28 21% 12.75[2.55,63.82) E—
lus Tetal 2012 14 14 47 56 1.4% 5.80[0.32,105.83] *
Leighton C etal. 1997 67 82 54 84 209% 2.48[1.21,5.09] —_—
Lind-L Tetal. 2012 84 90 71100 96% 5.72[2.25,14.55] EE—
Maiuri F et al. 2006 21 28 13 22 7.8% 2.08 (062, 6.94] g
Majchrzak K et al. 2012 21 21 38 47 1.2% 10.61[0.59,191.37] *
McGirt MJ et al. 2008 93 104 46 66 12.8% 3.68[1.63,8.31] —_—
Sanai N etal. 2010 98 101 87 115  52% 10.51[3.08, 35.80] —
Shaw E etal. 2002 26 29 40 71 51% 6.72[1.86, 24.259] S
Shibamoto Y et al. 1993 10 14 51 86 10.8% 1.37[0.43, 4.36]

Smith JS et al. 2008 98 104 46 66 7.0% 710[2.67,18.87] —
Snyder LA etal. 2014 38 42 44 51 8.1% 1.51[0.41, 5.56] »
Total (95% CI) 692 854 100.0% 4.08 [3.02, 5.52] -
Total events 625 586 . . . 1
Heterogeneity: Chi*=16.84, df=13 (P=0.21); F=23% '0_2 DTS ﬁ 5'

Test for overall effect: Z=9.11 (P < 0.00001)

Favours [STR] Favours [GTR]

Fig. 5. The comparison between GTR and STR for low-grade glioma regarding the 5-year survival rate.
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GTR STR Mean Difference Mean Difference
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Fig. 6. The comparison between GTR and STR for low-grade glioma regarding the progression-free survival.

morbidity associated with more extensive grades of resection. Hence,
these patients occasionally undergo biopsy or partial resection followed
by adjuvant therapy. We performed a comprehensive review and cri-
tical appraisal of the current published data to compare and evaluate
the efficacy of GTR for improving clinical outcomes in patients with
glioma.

Our systematic review and meta-analysis demonstrated significant
benefits associated with increasing safe EORs in the management of
gliomas, in terms of OS, PFS, seizure control, and delaying malignant
transformation of low-grade glioma, without increasing postoperative
mortality or morbidity. Some early studies suggested that GTR does not
significantly improve survival [64]. No survival benefit was observed in
patients with low-grade glioma presenting with epilepsy who under-
went upfront surgery compared to a watch-and-wait approach [65]. In
contrast, other researchers have argued for a survival benefit associated
with GTR for low-grade gliomas. McGirt et al. reported a 95% 5-year
survival in the GTR group, compared to 70% 5-year survival in the STR
group [51]. Jakola et al. compared the outcomes of upfront resection to
a watch-and-wait strategy by studying two population-based parallel
cohorts [66]. Median survival was significantly longer in patients
treated with upfront surgery, and the 5-year survival rate was 74% in
the surgical group. However, that study had a relatively smaller sample
size. Our pooled estimates showed that mean OS was 6.68 years in the
STR group and 10.65 years in the GTR group. These findings suggest
that maximum safe resection prolongs survival in patients harboring
low-grade gliomas.

Many studies have demonstrated the benefits of GTR to prolong PFS
[17,57,60]. This is intuitive because of the reduced tumor burden as-
sociated with greater EOR. Our meta-analysis supports this point. Pa-
tients who underwent GTR had 2.08 years of PFS over those who un-
derwent STR, with a RR of 1.78 for PFS at 5 years. These results suggest
that maximum safe resection not only prolongs OS but delays the time
to recurrence. Approximately 80% of patients with low-grade glioma
present with seizures. Chang et al. reported 49% pharmacoresistance in
patients with low-grade gliomas [34]. Intractable seizures and anti-
epileptic drug therapy negatively affect cognitive status and quality of
life. Seizures also tend to occur in patients with low-grade glioma se-
ated in a cortex or the insula, making GTR challenging [67]. Our results

indicate that GTR was superior for improving seizure control in patients
with low-grade gliomas compared to STR, with a pooled OR of 4.25
(95% CI 2.99-6.05; P < 0.00001). The mean seizure-free rate of pa-
tients with low-grade glioma was 68.7% (62.6-74.2) in patients un-
dergoing resection of any extent, and was 54.2% (48.7-59.6) in the STR
group and 81.0% (74.6-86.2) in the GTR group. Additionally, GTR was
superior for reducing malignant transformation of low-grade gliomas
compared to STR, with a pooled OR of 0.28 (95% CI 0.13-0.60;
P = 0.001). The mean malignant transformation rate decreased from
46.5% (28.1-66.0) in patients undergoing resection of any extent and
was 47.5% (30.3-65.4) in the STR group and 15.9% (4.2-44.7) in the
GTR group. However, the mean mortality rate of patients with low-
grade glioma was 1.0% (0.5-2.0) in patients undergoing resection of
any extent, and was 2.3% (1.2-4.4) in the STR group and 3.1%
(1.5-6.5) in the GTR group, whereas the mean mortality rate in patients
with high-grade glioma was 2.1% (0.01-0.04) in those undergoing re-
section of any extent and was 2.8% (0.01-0.11) in the STR group and
1.5% (0.01-0.09) in the GTR group; the mean morbidity rate was
12.3% (0.09-0.17) in patients undergoing resection of any extent, and
was 12.7% (0.07-0.22) in the STR group and 6.6% (0.03-0.16) in the
GTR group.

5. Limitations and recommendations

Several limitations of the present analysis should be discussed. First,
the retrospective nature of the studies included and lack of control over
data collection may be a source of bias. Thirty-two studies were de-
signed as retrospective studies, and 10 studies (23.8%) were designed
as prospective studies. Certain variables, such as tumor residual vo-
lume, were not included in the prognostic analysis, as the data were not
available for all patients. These factors appear to contribute to esti-
mating prognosis. Another possible confounding factor was the het-
erogeneity in the patient population and the treatments. Sample sizes
ranged from 11 to 508 patients. This large span may have led to some
bias. However, to reach a sufficient sample size for our comprehensive
analysis, we did not exclude small sample size studies. Finally, the
prognosis of patients with tumors was influenced by multiple factors,
such as age, adjuvant therapy, tumor size, and histological type, which
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Duffau H et al. 2002 3 3 5 g 1.5% 269010, 73.20] >
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Meguins LC etal. 2015 39 a6 3 9 47% 459[1.03 20.53] ——*
You G etal 2012(H) 43 55 52 108 23.2% 3.65([1.73,7.70] -
You G etal 2012(S) 98 120 117 209 465% 3.50[2.05, 5.99] ——
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Heterogeneity: Chi®= 2.05, df=5 (P =0.84), F=0%
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Fig. 7. The comparison between GTR and STR for low-grade glioma regarding seizure control rate.
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Fig. 8. The comparison between GTR and STR for low-grade glioma regarding malignant transformation.

should also be considered. Considering these limitations, more well-
designed and bias-controlled prospective studies are needed.

The efficacy of GTR on survival is remarkable because it sig-
nificantly improved OS, 5-year survival rate, and PFS of patients with
gliomas. Functional outcomes were better in patients who received GTR
than in those who received STR, given that GTR significantly improved
seizure control of patients with gliomas. GTR also led to decreased
tumor progression and malignant transformation. In conclusion, our
meta-analysis supports the superior efficacy of GTR on survival, func-
tional outcome, tumor progression, seizure control, malignant trans-
formation, morbidity, and mortality for patients with gliomas.

Ethical approval

Ethical Approval is not applicable.

Author contribution

The authors on this paper all participated in study design. All au-
thors have read and approved this version of the article, and due care
has been taken to ensure the integrity of the work. The material of this
article is original research and no part of this paper has been previously
published. The material has also not been submitted for publication
elsewhere while under consideration. No conflict of interest exits in the

submission of this manuscript. All authors have the appropriate per-
missions and rights to the reported data.

Conflicts of interest

The authors declare no relevant conflict of interest.

Research registry number

Reviewregistry617.

Guarantor

Shuang Tang, Jin Miao, Yong Long.

Data statement

The material of this article is original research. All data in this
manuscript is available and transparent for readers.

Sources of funding

There is no funding for this work.

96

Provenance and peer review
Not commissioned, externally peer-reviewed.
Acknowledgement

We are grateful for "Beijing Tongchuang Tongyuan Data
Corporation" in data processing for this work.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijsu.2019.02.004.

References

[1] T.A. Dolecek, et al., CBTRUS statistical report: primary brain and central nervous
system tumors diagnosed in the United States in 2005-2009, Neuro Oncol. 14
(Suppl 5) (2012) v1-49.

J. Ferlay, et al., Cancer incidence and mortality worldwide: sources, methods and
major patterns in GLOBOCAN 2012, Int. J. Cancer 136 (5) (2015) E359-E386.
N.A. Bush, S.M. Chang, M.S. Berger, Current and future strategies for treatment of
glioma, Neurosurg. Rev. 40 (1) (2017) 1-14.

Q.T. Ostrom, et al., Epidemiology of gliomas, Cancer Treat Res. 163 (2015) 1-14.
M. Weller, et al., EANO guideline for the diagnosis and treatment of anaplastic
gliomas and glioblastoma, Lancet Oncol. 15 (9) (2014) e395-403.

R. Ahmed, et al., Malignant gliomas: current perspectives in diagnosis, treatment,
and early response assessment using advanced quantitative imaging methods,
Cancer Manag. Res. 6 (2014) 149-170.

J.S. Barnholtz-Sloan, et al., Patterns of care and outcomes among elderly in-
dividuals with primary malignant astrocytoma, J. Neurosurg. 108 (4) (2008)
642-648.

F.M. Iwamoto, et al., Glioblastoma in the elderly: the memorial Sloan-Kettering
cancer center experience (1997-2007), Cancer 115 (16) (2009) 3758-3766.

M. Lacroix, et al., A multivariate analysis of 416 patients with glioblastoma mul-
tiforme: prognosis, extent of resection, and survival, J. Neurosurg. 95 (2) (2001)
190-198.

M. Bernstein, Brain tumour surgery in the elderly: a brief reappraisal, Can. J. Surg.
39 (2) (1996) 147-150.

B.M. Evers, C.M. Townsend Jr., J.C. Thompson, Organ physiology of aging, Surg
Clin North Am 74 (1) (1994) 23-39.

F.E. Turrentine, et al., Surgical risk factors, morbidity, and mortality in elderly
patients, J. Am. Coll. Surg. 203 (6) (2006) 865-877.

P.J. Kelly, C. Hunt, The limited value of cytoreductive surgery in elderly patients
with malignant gliomas, Neurosurgery 34 (1) (1994) 62-66 discussion 66-7.

K.L. Chaichana, et al., Supratentorial glioblastoma multiforme: the role of surgical
resection versus biopsy among older patients, Ann. Surg. Oncol. 18 (1) (2011)
239-245.

F.W. Floeth, et al., Prognostic value of O-(2-18F-fluoroethyl)-L-tyrosine PET and
MRI in low-grade glioma, J. Nucl. Med. 48 (4) (2007) 519-527.

C. Houillier, et al., IDH1 or IDH2 mutations predict longer survival and response to
temozolomide in low-grade gliomas, Neurology 75 (17) (2010) 1560-1566.

C. Leighton, et al., Supratentorial low-grade glioma in adults: an analysis of prog-
nostic factors and timing of radiation, J. Clin. Oncol. 15 (4) (1997) 1294-1301.
T. Lind-Landstrom, et al., Prognostic value of histological features in diffuse as-
trocytomas WHO grade 11, Int. J. Clin. Exp. Pathol. 5 (2) (2012) 152-158.

L.A. Snyder, et al., The impact of extent of resection on malignant transformation of
pure oligodendrogliomas, J. Neurosurg. 120 (2) (2014) 309-314.

F. Ampil, M. Fowler, K. Kim, Intracranial astrocytoma in elderly patients, J. Neuro
Oncol. 12 (2) (1992) 125-130.

V.M. Arienti, et al., Adult brain low-grade astrocytomas: survival after surgery and

[2]
[3]

[4]
[5]

[6]

[71

[8]

[91]

[10]
[11]
[12]
[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]

[21]


https://doi.org/10.1016/j.ijsu.2019.02.004
https://doi.org/10.1016/j.ijsu.2019.02.004
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref1
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref1
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref1
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref2
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref2
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref3
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref3
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref4
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref5
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref5
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref6
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref6
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref6
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref7
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref7
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref7
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref8
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref8
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref9
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref9
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref9
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref10
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref10
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref11
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref11
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref12
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref12
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref13
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref13
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref14
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref14
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref14
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref15
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref15
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref16
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref16
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref17
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref17
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref18
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref18
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref19
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref19
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref20
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref20
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref21

S. Tang, et al.

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

371

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

radiotherapy, Neurol. Sci. 22 (3) (2001) 233-238.

R.J. Kimple, et al., Concurrent temozolomide and radiation, a reasonable option for
elderly patients with glioblastoma multiforme? Am. J. Clin. Oncol. 33 (3) (2010)
265-270.

J.H. Lee, et al., Performance status during and after radiotherapy plus concomitant
and adjuvant temozolomide in elderly patients with glioblastoma multiforme, J.
Clin. Neurosci. 20 (4) (2013) 503-508.

V. Vuorinen, et al., Debulking or biopsy of malignant glioma in elderly people - a
randomised study, Acta Neurochir. 145 (1) (2003) 5-10.

A. Stang, Critical evaluation of the Newcastle-Ottawa scale for the assessment of the
quality of nonrandomized studies in meta-analyses, Eur. J. Epidemiol. 25 (9) (2010)
603-605.

A. Liberati, et al., The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions: explanation and
elaboration, J. Clin. Epidemiol. 62 (10) (2009) e1-34.

Review Manager (RevMan) [Computer Program]. Version 5.2, The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, 2012.

J. Lau, J.P. Ioannidis, C.H. Schmid, Quantitative synthesis in systematic reviews,
Ann. Intern. Med. 127 (9) (1997 Nov 1) 820-826.

University of York Centre for Reviews and Dissemination, Systematic Reviews:
CRD's Guidance for Undertaking Reviews in Health Care, CRD, University of York,
York, 2009.

R. DerSimonian, N. Laird, Meta-analysis in clinical trials, Contr. Clin. Trials 7 (3)
(1986) 177-188.

N. Mantel, W. Haenszel, Statistical aspects of the analysis of data from retrospective
studies of disease, J. Natl. Cancer Inst. 22 (4) (1959) 719-748.

S.I. Abdulrauf, et al., Vascular endothelial growth factor expression and vascular
density as prognostic markers of survival in patients with low-grade astrocytoma, J.
Neurosurg. 88 (3) (1998) 513-520.

M.S. Berger, et al., The effect of extent of resection on recurrence in patients with
low grade cerebral hemisphere gliomas, Cancer 74 (6) (1994) 1784-1791.

E.F. Chang, et al., Seizure characteristics and control following resection in 332
patients with low-grade gliomas, J. Neurosurg. 108 (2) (2008) 227-235.

J. Coburger, et al., Low-grade glioma surgery in intraoperative magnetic resonance
imaging: results of a multicenter retrospective assessment of the German study
group for intraoperative magnetic resonance imaging, Neurosurgery 78 (6) (2016)
775-786.

F. Dehghani, et al., Prognostic implication of histopathological, im-
munohistochemical and clinical features of oligodendrogliomas: a study of 89 cases,
Acta Neuropathol. 95 (5) (1998) 493-504.

H. Duffau, et al., Medically intractable epilepsy from insular low-grade gliomas:
improvement after an extended lesionectomy, Acta Neurochir. 144 (6) (2002)
563-572 discussion 572-3.

C. Ewelt, et al., Glioblastoma multiforme of the elderly: the prognostic effect of
resection on survival, J. Neuro Oncol. 103 (3) (2011) 611-618.

J. Gerstein, et al., Postoperative radiotherapy and concomitant temozolomide for
elderly patients with glioblastoma, Radiother. Oncol. 97 (3) (2010) 382-386.

Y. Hayashi, et al., Surgical strategies for nonenhancing slow-growing gliomas with
special reference to functional reorganization: review with own experience, Neurol.
Med.-Chir. 53 (7) (2013) 438-446.

M. Heesters, W. Molenaar, G.K. Go, Radiotherapy in supratentorial gliomas. A study
of 821 cases, Strahlenther. Onkol. 179 (9) (2003) 606-614.

T. Ius, et al., Low-grade glioma surgery in eloquent areas: volumetric analysis of
extent of resection and its impact on overall survival. A single-institution experience
in 190 patients: clinical article, J. Neurosurg. 117 (6) (2012) 1039-1052.

T. Ius, et al., Surgery for insular low-grade glioma: predictors of postoperative
seizure outcome, J. Neurosurg. 120 (1) (2014) 12-23.

T.A. Juratli, et al., IDH mutations as an early and consistent marker in low-grade
astrocytomas WHO grade II and their consecutive secondary high-grade gliomas, J.
Neuro Oncol. 108 (3) (2012) 403-410.

T. Kilic, et al., Effect of surgery on tumor progression and malignant degeneration in
hemispheric diffuse low-grade astrocytomas, J. Clin. Neurosci. 9 (5) (2002)

97

[46]

[47]

[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

International Journal of Surgery 63 (2019) 90-97

549-552.

C. Komine, et al., Promoter hypermethylation of the DNA repair gene O6-methyl-
guanine-DNA methyltransferase is an independent predictor of shortened progres-
sion free survival in patients with low-grade diffuse astrocytomas, Brain Pathol. 13
(2) (2003) 176-184.

F.W. Kreth, P.C. Warnke, C.B. Ostertag, The effect of extent of resection on recur-
rence in patients with low grade cerebral hemisphere gliomas, Cancer 75 (11)
(1995) 2785-2787.

F. Laigle-Donadey, et al., Up-front temozolomide in elderly patients with glio-
blastoma, J. Neuro Oncol. 99 (1) (2010) 89-94.

F. Maiuri, et al., Prognostic and survival-related factors in patients with well-dif-
ferentiated oligodendrogliomas, Zentralbl. Neurochir. 67 (4) (2006) 204-209.

K. Majchrzak, et al., The assessment of prognostic factors in surgical treatment of
low-grade gliomas: a prospective study, Clin. Neurol. Neurosurg. 114 (8) (2012)
1135-1144.

M.J. McGirt, et al., Extent of surgical resection is independently associated with
survival in patients with hemispheric infiltrating low-grade gliomas, Neurosurgery
63 (4) (2008) 700-707 author reply 707-8.

L.C. Meguins, et al., Gross-total resection of temporal low grade gliomas is a criti-
cally important factor in achieving seizure-freedom, Arq Neuropsiquiatr 73 (11)
(2015) 924-928.

D. Mukherjee, et al., Effectiveness of radiotherapy for elderly patients with ana-
plastic gliomas, J. Clin. Neurosci. 21 (5) (2014) 773-778.

M. Nakamura, et al., Analysis of prognostic and survival factors related to treatment
of low-grade astrocytomas in adults, Oncology 58 (2) (2000) 108-116.

A. Oszvald, et al., Glioblastoma therapy in the elderly and the importance of the
extent of resection regardless of age, J. Neurosurg. 116 (2) (2012) 357-364.

M.B. Potts, et al., Natural history and surgical management of incidentally dis-
covered low-grade gliomas, J. Neurosurg. 116 (2) (2012) 365-372.

N. Sanai, M.Y. Polley, M.S. Berger, Insular glioma resection: assessment of patient
morbidity, survival, and tumor progression, J. Neurosurg. 112 (1) (2010) 1-9.

E. Shaw, et al., Prospective randomized trial of low- versus high-dose radiation
therapy in adults with supratentorial low-grade glioma: initial report of a North
Central Cancer Treatment Group/Radiation Therapy Oncology Group/Eastern
Cooperative Oncology Group study, J. Clin. Oncol. 20 (9) (2002) 2267-2276.

Y. Shibamoto, et al., Supratentorial low-grade astrocytoma. Correlation of com-
puted tomography findings with effect of radiation therapy and prognostic vari-
ables, Cancer 72 (1) (1993) 190-195.

J.S. Smith, et al., Role of extent of resection in the long-term outcome of low-grade
hemispheric gliomas, J. Clin. Oncol. 26 (8) (2008) 1338-1345.

W. Stummer, et al., Extent of resection and survival in glioblastoma multiforme:
identification of and adjustment for bias, Neurosurgery 62 (3) (2008) 564-576
discussion 564-76.

G. You, et al., Clinical and molecular genetic factors affecting postoperative seizure
control of 183 Chinese adult patients with low-grade gliomas, Eur. J. Neurol. 19 (2)
(2012) 298-306.

G. You, et al., Seizure characteristics and outcomes in 508 Chinese adult patients
undergoing primary resection of low-grade gliomas: a clinicopathological study,
Neuro Oncol. 14 (2) (2012) 230-241.

T.B. Johannesen, F. Langmark, K. Lote, Progress in long-term survival in adult
patients with supratentorial low-grade gliomas: a population-based study of 993
patients in whom tumors were diagnosed between 1970 and 1993, J. Neurosurg. 99
(5) (2003) 854-862.

M.L. van Veelen, et al., Supratentorial low grade astrocytoma: prognostic factors,
dedifferentiation, and the issue of early versus late surgery, J. Neurol. Neurosurg.
Psychiatry 64 (5) (1998) 581-587.

A.S. Jakola, et al., Comparison of a strategy favoring early surgical resection vs a
strategy favoring watchful waiting in low-grade gliomas, Jama 308 (18) (2012)
1881-1888.

J. Pallud, et al., Epileptic seizures in diffuse low-grade gliomas in adults, Brain 137
(Pt 2) (2014) 449-462.


http://refhub.elsevier.com/S1743-9191(19)30034-2/sref21
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref22
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref22
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref22
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref23
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref23
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref23
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref24
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref24
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref25
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref25
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref25
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref26
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref26
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref26
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref27
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref27
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref28
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref28
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref29
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref29
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref29
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref30
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref30
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref31
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref31
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref32
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref32
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref32
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref33
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref33
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref34
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref34
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref35
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref35
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref35
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref35
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref36
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref36
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref36
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref37
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref37
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref37
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref38
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref38
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref39
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref39
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref40
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref40
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref40
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref41
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref41
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref42
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref42
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref42
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref43
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref43
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref44
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref44
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref44
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref45
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref45
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref45
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref46
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref46
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref46
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref46
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref47
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref47
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref47
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref48
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref48
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref49
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref49
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref50
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref50
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref50
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref51
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref51
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref51
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref52
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref52
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref52
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref53
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref53
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref54
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref54
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref55
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref55
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref56
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref56
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref57
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref57
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref58
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref58
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref58
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref58
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref59
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref59
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref59
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref60
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref60
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref61
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref61
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref61
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref62
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref62
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref62
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref63
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref63
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref63
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref64
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref64
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref64
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref64
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref65
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref65
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref65
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref66
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref66
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref66
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref67
http://refhub.elsevier.com/S1743-9191(19)30034-2/sref67

	Comparative assessment of the efficacy of gross total versus subtotal total resection in patients with glioma: A meta-analysis
	Introduction
	Methods and materials
	Inclusion and exclusion criteria
	Search strategy
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Included studies, study characteristics, and quality assessment
	Efficacy of GTR for improving OS of gliomas
	Efficacy of GTR for improving 5-year survival rate of glioma
	Efficacy of GTR for improving PFS of glioma
	Efficacy of GTR for improving seizure control in patients with glioma
	Efficacy of GTR for reducing the incidence of malignant transformation and mortality

	Discussion
	Limitations and recommendations
	Ethical approval
	Author contribution
	Conflicts of interest
	Research registry number
	Guarantor
	Data statement
	Sources of funding
	Provenance and peer review
	Acknowledgement
	Supplementary data
	References




