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Management of low-grade glioma: a systematic review 
and meta-analysis

Low-grade gliomas (defined as World Health Organization 
[WHO] Grades I and II) account for 17% to 22% of all pri-
mary brain tumors (approximately 20 000 cases per year 

in the United States) and are characterized by a low prolif-
eration index.1–5 These tumors are known for their diverse 
pathology and clinical behavior. Recent insights into the 
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Abstract
Background. Optimum management of low-grade gliomas remains controversial, and widespread practice vari-
ation exists. This evidence-based meta-analysis evaluates the association of extent of resection, radiation, and 
chemotherapy with mortality and progression-free survival at 2, 5, and 10 years in patients with low-grade glioma.
Methods. A quantitative systematic review was performed. Inclusion criteria included controlled trials of newly 
diagnosed low-grade (World Health Organization Grades I and II) gliomas in adults. Eligible studies were identified, 
assigned a level of evidence for every endpoint considered, and analyzed according to Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses guidelines. The relative risk of mortality and of progression at 2, 5, and 
10 years was calculated for patients undergoing resection (gross total, subtotal, or biopsy), radiation, or chemotherapy.
Results. Gross total resection was significantly associated with decreased mortality and likelihood of progres-
sion at all time points compared to subtotal resection. Early radiation was not associated with decreased mor-
tality; however, progression-free survival was better at 5  years compared to patients receiving delayed or no 
radiation. Chemotherapy was associated with decreased mortality at 5 and 10 years in the high-quality literature. 
Progression-free survival was better at 5 and 10 years compared to patients who did not receive chemotherapy. In 
patients with isocitrate dehydrogenase 1 gene (IDH1) R132H mutations receiving chemotherapy, progression-free 
survival was better at 2 and 5 years than in patients with IDH1 wild-type gliomas.
Conclusions. Results from this review, the first to quantify differences in outcome associated with surgery, radia-
tion, and chemotherapy in patients with low-grade gliomas, can be used to inform evidence-based management 
and future clinical trials.
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molecular biology of low-grade gliomas and discovery of 
isocitrate dehydrogenase gene (IDH)1 and IDH2 mutations, 
1p19q codeletion, and their impact on survival have added 
clarity to the molecular subgroups in glioma and have 
led to a recent reclassification of gliomas by the WHO.3,5–8  
Median survival for patients with low-grade gliomas 
ranges from 5.6 to 13.3 years and is dependent on specific 
histology and molecular characteristics.9 The relative rarity 
of low-grade gliomas combined with long overall survival 
and new developments in molecular diagnostics have 
complicated the conduct and completion of large, high-
quality, prospective studies. As a result, optimal treatment 
remains controversial, and is often based on the selective 
application of results from a few high-quality studies and 
extrapolation from studies of patients with higher-grade 
gliomas.10 Treatment options include surgery, radiother-
apy, and chemotherapy. Surgical intervention is generally 
performed with the goal of maximum safe resection and 
aids in diagnosis by providing tissue for molecular testing 
(1p19q codeletion, IDH, ATRX [α-thalassemia/mental-retar-
dation-syndrome-X-linked] mutations). Radiation is typi-
cally reserved for patients considered to be at “high risk” 
(for example, patients over 40 years old or patients with an 
incomplete resection) or with progressive disease.10 Only 
a few prospective trials have been performed on the effect 
of chemotherapy on gliomas.9,11 Recently, a large, prospec-
tive, randomized trial evaluating the effect of procarbazine, 
lomustine, and vincristine (PCV) with radiation showed 
an overall survival and progression-free survival benefit 
compared to radiation alone.9 Nevertheless, considerable 
practice variation and spirited debate persist regarding 
the roles of all 3 of these treatment modalities. Although a 
meta-analysis of surgical resection thresholds has recently 
been completed, a quantitative analysis of all 3 aspects of 
the management of low-grade glioma has never been per-
formed and a rigorous assessment of the body of literature 
has never been undertaken.12

In the present study, we estimate the strength of asso-
ciation between reduction in mortality and risk of progres-
sion following surgery, radiation, and chemotherapy by 
performing a systematic review, grading the quality of the 
evidence, and conducting a study-level meta-analysis of 
the existing literature.

Methods

Systematic Review

A Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guideline-based approach was 
used to query PubMed from inception until September 1, 
2017.13 Medical Subject Headings (MeSH) and non-MeSH 
terms were applied broadly with filters utilized to reject 
studies of patients with tumor histologies other than 
low-grade gliomas (see supplementary materials for 
specific search terms). The reference lists of previously 
published reviews were also examined to identify add-
itional potentially relevant studies. Primary outcomes 
of interest included relative risk (RR) of mortality and 
progression at 2, 5, and 10 years comparing gross total 

resection (GTR) to subtotal resection (STR), chemother-
apy to no chemotherapy, and radiation at diagnosis to no 
radiation or delayed radiation. Secondary outcomes of 
interest included RR of mortality and progression at 2, 5, 
and 10 years comparing high-dose to low-dose radiation, 
STR to biopsy (Bx), and any resection to Bx. Prespecified 
inclusion criteria included all studies of patients with 
newly diagnosed, histologically confirmed, supratento-
rial, low-grade glioma (WHO Grade I or II) that included 
appropriate outcome data in treated and untreated 
groups. Exclusion criteria included patient age <18 years, 
recurrent tumors, and studies that did not provide com-
parative data on outcomes of interest or otherwise did 
not meet inclusion criteria. For the chemotherapy ana-
lysis, all published regimens were included. For the 
resection analyses, resection thresholds were defined 
by the authors of the primary studies, but were generally 
consistent among studies.

Grading of Studies

Studies meeting inclusion criteria and accepted for at 
least 1 comparison were assigned a level of evidence 
for each outcome for which they were used in accord-
ance with American Academy of Neurology grading crite-
ria.14 Class I represents the highest level of evidence, and 
Class IV the lowest. Grading of studies was performed by 
2 of the authors (TJB and MG) and presented in consensus 
fashion to the entire study group.

Data Extraction

We compared chemotherapy vs no chemotherapy, early 
radiation vs late (at the time of disease progression) or 
no radiation, GTR vs STR, STR vs Bx, and any resection 
vs Bx. Endpoints of interest for all comparisons were 2-, 
5-, and 10-year risk of death and 2-, 5-, and 10-year risk 
of progression. Secondary analyses were performed to 
examine the association between outcome of chemo-
therapy and IDH1 R132H mutational status, and moder-
ate-dose (45-55 Gy) vs high-dose (59-65 Gy) radiation. 
Data for the time points of interest were extracted from 
the text of included studies whenever possible. When 
this was not possible, data were manually extracted 
from Kaplan-Meier curves using a pixel-coordinate tech-
nique.15 When a study met inclusion criteria but required 
outcome data were not obtainable, the article was 
excluded from the analysis. Baseline demographic infor-
mation extracted from all included studies included age, 
tumor size, and IDH1 R132H mutational status. Subset 
analyses were performed on high-quality (Class I and II) 
vs low-quality (Class III and IV) evidence whenever pos-
sible. An analysis of prognostic factors was conducted 
using data extracted from the text or figures of included 
studies when provided.

Meta-Analysis

All relevant data from eligible trials were included in 
this study-level meta-analysis. RRs of mortality and 
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progression were calculated using an inverse vari-
ance method and random-effects model (Review 
Manager 5.3, Cochrane Collaborative, London, UK).16 
Significance was defined as P ≤ .05; 95% confidence 
intervals (CIs) were calculated for each endpoint, and 
numbers needed to treat (NNT) were calculated where 
appropriate. Summary statistics for variables of poten-
tial prognostic importance were calculated and are 
presented in the same fashion. Heterogeneity was 
assessed with the I2 statistic, and is reported in the 
supplementary materials.

Results

Systematic Review

The systematic review regarding extent of resection yielded 
283 potentially relevant studies. An additional 31 studies were 
identified by review of reference lists, review articles, abstract 
listings, and expert advice. Ultimately 29 studies were included 
in at least 1 comparison (Fig. 1A).11,17–44 For the radiation ques-
tions, the systematic review produced 752 articles. An additional 
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Diagram of Included Studies PRISMA diagram of all stud-
ies included in 1 comparison concerning the effect of A, resection, B, radiation, and C, chemotherapy on outcomes in low-grade gliomas.
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10 studies were identified outside of the systematic review. 
Thirteen studies met inclusion criteria for at least 1 comparison 
(Fig. 1B).27,28,32,33,36,37,39,43–48 The chemotherapy review produced 
762 articles. An additional 7 articles were identified using ancil-
lary measures. Five studies on the effect of chemotherapy were 
ultimately included in at least 1 analysis (Fig. 1C).9,11,33,47,49

Level of Evidence Grading

For the endpoint of overall survival, 5 studies provided Class I evi-
dence,9,11,27,37,48 3 studies provided Class II evidence,22,34,47 with 

the remaining 21 studies providing Class III or IV evidence. For 
the endpoint of progression-free survival, only 1 study provided 
Class I evidence,9 with the remainder of included studies provid-
ing Class III and IV evidence (see supplementary materials).

Surgery

Twenty-nine eligible studies comprising 3891 patients 
compared GTR vs STR in low-grade gliomas.11,17–44 All 
included studies were class III or IV. RR and 95% CI of death 
at 2, 5, and 10 years for GTR vs STR was 0.29 (0.17-0.52,  

2 Year Mortality (n = 19 studies, 3471 patients)

5 Year Mortality (n = 23 studies, 3891 patients)

10 Year Mortality (n = 15 studies, 2991 patients)

2 Year Progression (n = 10 studies, 1830 patients)

5 Year Progression (n = 13 studies, 2138 patients)

10 Year Progression (n = 8 studies, 1558 patients)

GTR vs STRA

B

0.
0

0.
5

1.
0

1.
5

Favors GTR Favors STR

RR of Outcome, GTR vs STR

2 Year Mortality (n = 7 studies, 712 patients)

5 Year Mortality (n = 8 studies, 789 patients)

10 Year Mortality (n = 3 studies, 144 patients)

STR vs Bx

0.
0

0.
5

1.
0

1.
5

Favors STR Favors Bx

RR of Outcome, STR vs Bx

Fig. 2  Meta-Analyses of the Extent of Resection and Outcomes in Low-Grade Gliomas. A, Forest plot of summary statistics on the 6 comparisons 
regarding outcomes of patients who received gross total resection (GTR) compared to those who received subtotal resection (STR). Values plot-
ted are relative risks (RR) with 95% confidence intervals. Summary statistics that do not cross X = 1 indicate a benefit favoring GTR over STR. B, 
Forest plot of summary statistics of STR vs biopsy (Bx).
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P < .001, NNT  =  17),17,18,20–24,26–28,30–33,36,37,39,41,44 0.39 (0.29-
0.51, P < .001, NNT  =  6),17,18,20–24,26–33,35–37,39,41–44 and 0.50 
(0.35-0.70, P < .001, NNT = 4). RR of progression (GTR vs 
STR) at 2, 5, and 10  years was 0.37 (0.24-0.57, P < .001,  
NNT = 7),17,22,24,26,27,31,33,38,41,44 0.50 (0.39-0.64, P < .001, NNT = 4), 
17,22,24,26,27,29,31,33,35,38,41,42,44 and 0.67 (0.53-0.84, P < .001, 
NNT  =  4)17,22,24,26,29,31,41,44 (see Fig.  2 and supplement for 
specific comparisons).

Comparing STR to Bx, RR of death at 2 (n  =  7), 5 
(n = 8), and 10 years (n = 3) was 0.53 (0.33-0.84, P  =  .008, 
NNT  =  10),11,18,22,23,27,30,37 0.76 (0.54-1.05, P  =  .10),11,18,22,23,27,30, 

37,42 and 0.95 (0.73-1.23, P = .70).11,23,30 There was no significant 
improvement in progression at 2  years, RR 0.49 (0.17-1.38, 
P = .18),22,27 or at 5 years, RR 0.94 (0.71-1.25, P = .68).22,27,42

The RR of death of any resection vs Bx at 2, 5, and 
10 years was 0.46 (0.29-0.75, P = .002, NNT = 10),18,19,22,23,

25,27,30,34,37,40 0.60 (0.43-0.84, P = .003, NNT = 6),18,19,22,23,25,27, 

30,34,37,40,42 and 0.67 (0.52-0.86, P =  .002, NNT = 5).23,25,30,34 
Three studies of 511 patients provided data on risk 2-year 
progression of any resection vs Bx, RR 0.42 (0.09-2.08, 
P  =  .29],19,22,27 and 4 studies of 601 patients provided 
data on 5-year progression of any resection vs Bx, RR 
0.83 (0.56-1.23, P = .35).19,22,27,42 Importantly, no Class I or 
Class  II evidence exists to allow a sensitivity analysis of 
high-quality vs low-quality studies. Histologic subtypes of 
patients included in these studies can be found in the sup-
plementary material.

Radiation

Thirteen eligible studies comprising 1918 patients pro-
vided data regarding the effect of postoperative radia-
tion vs delayed or no radiation.28,32,33,36,39,44–48 RR and 
95% CI for death at 2, 5, and 10  years was 0.92 (0.53-1.58, 
P  =  .76),32,33,36,39,44–48 0.93 [0.60-1.43, P  =  .73),28,32,33,36,39,44–48  
and 0.99 (0.69-1.41, P  =  .95).28,32,36,39,44,46 RR for pro-
gression at 2, 5, and 10  years was 0.66 (0.51-0.86, 
P  =  .002, NNT  =  10),33,43,44,46–48 0.73 (0.61-0.88, P < .001,  
NNT = 6),33,43,44,46–48 and 0.74 (0.60-0.91, P = .005, NNT = 5)33,43,44,46 
(see Fig. 3 and supplement for specific comparisons). Histologic 
subtypes can be found in the supplementary material.

Of the included studies, only 2 provided high-quality 
data.37,48 The sensitivity analysis of high-quality vs low-qual-
ity studies showed an RR of death at 2 and 5 years of 0.91 
(0.47-1.76, P = .78) and 0.95 (0.70-1.28, P = .72) for early post-
operative radiation compared to delayed or no radiation. 
Data for overall survival at 10 years or progression-free sur-
vival were not available in the high-quality literature.

A preplanned analysis comparing high-dose to moderate-
dose radiation included 2 Class I studies.27,37 The RR of death 
at 2 and 5 years (high dose vs moderate dose) was 1.63 (0.81-
3.31, P = .17) and 1.09 (0.88-1.35, P = .45). The RR of progres-
sion for high-dose vs moderate-dose radiation at 2 and 5 years 
was 1.46 (1.06-2.01, P = .02) and 1.00 (0.84-1.18, P = .97). No data 
were available for a comparison of outcomes at 10 years.

2 Year Mortality (n = 9 studies, 1810 patients)

5 Year Mortality (n = 10 studies, 1918 patients)

10 Year Mortality (n = 6 studies, 1340 patients)

2 Year Progression (n = 6 studies, 1473 patients)

5 Year Progression (n = 6 studies, 1473 patients)

10 Year Progression (n = 4 studies, 1114 patients)

Radiation

0.
0

0.
5

1.
0

2.
0

1.
5

Favors Early Radiation

RR of Outcome Early Radiation vs Late/No Radiation

Favors Control

Fig. 3 Meta-Analyses of Early Postoperative Radiation vs Late or No Radiation. Forest plot of summary statistics on the 6 comparisons regarding 
outcomes of patients who received early postoperative radiation compared to those who received late or no radiation. Values plotted are relative risks 
(RR) with 95% confidence intervals. Summary statistics that do not cross X = 1 indicate a benefit favoring early radiation over late or no radiation.
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Chemotherapy

Five eligible studies comprising 567 patients reported on 
low-grade glioma patients treated with chemotherapy 
following radiotherapy.9,11,33,47,49 Chemotherapy regi-
mens included PCV with radiation vs radiation,9 nimus-
tine or nimustine/vincristine or nimustine/vincristine/
dacarbazine with radiation vs radiation,49 lomustine 
with radiation vs radiation,11 nimustine/vincristine or 
procarbazine/nimustine/vincristine with radiation vs 
radiation,33 or procarbazine/nimustine/vincristine or 
PCV with radiation vs radiation.47 The RR and 95% CI for 
death (chemotherapy vs no chemotherapy) at 2, 5, and 
10 years were 1.34 (0.85-2.12, P = .21),9,11,33,47,49 0.83 (0.64-
1.09, P = .18),9,11,33,47,49 and 0.77 (0.58-1.03, P = .08).9,11,47 RR 
for progression at 2, 5, and 10 years was 0.92 (0.64-1.33, 
P = .86),9,33,47 0.69 (0.55-0.87, P = .001, NNT = 6),9,33,47 and 
0.58 (0.39-0.87, P = .008, NNT = 3)9,33,47 (see Fig. 4 and sup-
plement for specific comparisons). Histologic subtypes 
for patients in the included studies can be found in the 
supplementary material.

A sensitivity analysis of OS including only high-quality 
(Class  I  and II) studies showed an RR of death (chemo-
therapy vs no chemotherapy) at 2, 5, and 10 years of 1.23 
(0.72-2.08, P = .45), 0.78 (0.58-1.05, P = .1), and 0.69 (0.56-
0.86, P < .001, NNT = 5).9,11 Data from Class III and IV studies 

produced RRs of death at 2, and 5 years of 1.74 (0.70-4.35, 
P = .24) and 1.10 (0.60-2.00, P = .76).33,47,49

Two studies provided data on IDH1-R132H mutation 
(defined by immunohistochemistry) and outcomes.9,33 Among 
IDH1 R132H-mutated patients, the RR of progression with 
chemotherapy compared to control at 2, 5, and 10 years was 
0.48 (0.06-4.1, P = .5), 0.27 (0.08-0.84, P = .02, NNT = 3), and 0.21 
(0.03-1.59, P = .13). A single trial provided overall survival data 
supporting chemotherapy for IDH1-mutated patients.9

Prognostically Important Features in 
Low-Grade Glioma

Considering all available evidence from the included trials, the 
risk of death was greater for patients with tumors >5 cm (haz-
ard ratio [HR] 2.00 [1.53-2.61, P < .001]),22,33,37,44 tumors located 
in eloquent brain areas (HR 1.98 [1.20-3.26, P = .008]),22,26,41 IDH1 
R132H-nonmutated (“wild-type”) tumors (HR 2.38 [1.16-5.00, 
P = .02]),9 and patients with a preoperative KPS ≤80% (HR 3.66 
[0.82-16.3, P = .088]).22,26 Including only studies that provided 
Class I or Class II evidence substantially reduces the number 
of studies contributing evidence. In this latter analysis, the risk 
of death was greater for patients with tumors >5 cm (HR 2.27 
[1.48-3.50, P < .001]),22,37 tumors located in eloquent brain areas 
(HR 9.37 [1.82-48.3, P = .007]),22 IDH-nonmutated tumors (HR 
2.38 [1.16-5.00, P =  .02]),9 patients with a postoperative KPS 

2 Year Mortality (n = 5 studies, 567 patients)

5 Year Mortality (n = 5 studies, 567 patients)

10 Year Mortality (n = 3 studies, 332 patients)

2 Year Progression (n = 3 studies, 431 patients)

5 Year Progression (n = 3 studies, 431 patients)

10 Year Progression (n = 3 studies, 431 patients)

Chemotherapy

0.
0

0.
5

1.
0

2.
0

2.
5

1.
5

Favors Chemotherapy

RR of Outcome, Chemotherapy vs Control

Favors Control

Fig. 4 Meta-Analyses of Chemotherapy vs Control. Forest plot of summary statistics on the 6 comparisons regarding outcomes of patients who 
received chemotherapy. Values plotted are relative risks (RR) with 95% confidence intervals. Summary statistics that do not cross X = 1 indicate a 
benefit favoring chemotherapy. Individual forest plots for all 6 comparisons can be found in the supplementary materials.
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≤80% (HR 2.47 [1.10-5.55, P = .28]),47 and patients with a pre-
operative KPS ≤80% (HR 7.35 [2.96-18.2, P < .001]).22 Age ≥40 
was not a statistically significant predictor of inferior survival in 
either the inclusive analysis (HR 0.98 [0.71-1.35, P = .90])22,29,37,44 
or in the analysis restricted to high-quality trials (HR 1.33 [0.74-
2.40, P = .34]).22,37

Discussion

The management of patients with low-grade glioma 
remains challenging, and is often based on clinician 
experience and patient preference. However, the gradual 
accumulation of data from randomized, controlled trials, 
supplemented with observational study data where rand-
omized trials are lacking or have not proved feasible, now 
offers the possibility of a more evidence-based approach to 
the management of low-grade gliomas.50 Our study-level 
meta-analysis confirms that extensive resection (GTR) is 
associated with improved survival and progression-free 
survival at 2, 5, and 10 years compared to STR. This conclu-
sion fulfills most of Hill’s criteria for a causal association:51 
biologic plausibility, consistency, dose-effect (volumetric 
analyses concerning extents of resection have been mostly 
consistent with this conclusion as well),24,41,42 temporality, 
and analogy (to patients with glioblastoma),52 but is based 
exclusively on Class III and Class IV studies, which convey 
a substantial risk of bias and confounding (for example by 
age, performance status, tumor location, molecular diag-
nostics, and neurosurgeon judgment). The currently avail-
able evidence supports attempted GTR if safe and feasible, 
but the strength of this recommendation must be tem-
pered by the low quality of the existing evidence. A pro-
spective, randomized, controlled trial could overcome 
these concerns and would certainly be welcome, but mul-
tiple previous failed attempts at such studies suggest that 
this is unlikely to occur.

Early radiation has not demonstrated a survival bene-
fit, but is associated with improved progression-free sur-
vival.48 The inclusion of the European Organisation for 
Research and Treatment of Cancer (EORTC) 22845 study 
in this analysis provides particularly robust data; how-
ever, it is notable that survival between arms was affected 
by high rates of crossover at the time of progression. The 
body of literature suggests delaying radiotherapy until 
the time of first progression does not compromise over-
all survival. Additionally, a subset analysis based on 2 
high-quality studies favors moderate-dose radiation (45-
55 Gy) compared to high-dose radiation (59-65 Gy) for 
decreased risk of radiation toxicity without loss of effi-
cacy.27,37 A previous pooled analysis of patients in EORTC/
Radiation Therapy Oncology Group/North Central Cancer 
Treatment Group Phase III clinical trials also did not find 
an association between increasing radiation dose and 
overall or progression-free survival.53 This synopsis is con-
sistent with current European Federation of Neurological 
Societies and European Association for Neuro-Oncology 
recommendations.10,54

The role of chemotherapy only remains less certain. 
Because no single chemotherapy regimen has yet emerged 
as the undisputed standard of care for patients with 

low-grade gliomas, we analyzed all trials that compared 
any chemotherapy regimen to a control (nonchemother-
apy) treatment arm, and accepted the risk of heterogeneity 
that this approach introduced into our analysis. A  trial by 
Buckner and colleagues in 20169 provides the highest-quality 
evidence regarding the role of adjuvant chemotherapy in 
low-grade gliomas. The results of that trial demonstrated a 
5.5-year median survival advantage and a progression-free 
survival benefit from the addition of PCV chemotherapy to 
radiotherapy. This survival advantage disappeared when 
studies of lower quality were included in the analysis. We sus-
pect that the biases inherent in lower-quality trials (a conse-
quence of design flaws such as retrospective data collection 
and analysis, lack of randomization or masked assessment, 
and nonrandom loss to follow-up) explain these differences 
in outcome. This is precisely the reason that we give more 
weight to the results of higher-quality studies. A progression-
free survival benefit was demonstrated at 5 and 10 years with 
the addition of adjuvant chemotherapy and radiation com-
pared to radiation alone. A survival benefit at 10 years for the 
chemotherapy-treated cohort persists even after our analysis 
was restricted to high-quality prospective trials. Additionally, 
an interim analysis of the CATNON trial assessing survival 
of anaplastic glioma patients receiving concurrent temozo-
lomide and radiotherapy vs radiotherapy alone supports, 
by analogy, the finding of improved long-term survival with 
chemotherapy, albeit in higher-grade gliomas.55 The EORTC 
22033 study was excluded from our analysis because we 
could not compare chemotherapy alone vs radiotherapy 
alone in the meta-analysis.56 Nevertheless, this trial provides 
important information regarding management of low-grade 
gliomas, highlights the importance of molecular diagnostics 
in the characterization of low-grade gliomas, and suggests 
a role for chemotherapy alone as initial therapy for patients 
with good-prognosis IDH-mutated and 1p19q-codeleted 
gliomas.56

Two studies in our analysis including 182 patients with 
IDH1-mutated tumors by immunohistochemistry showed a 
progression-free survival benefit at 5 years with the addition 
of chemotherapy.9,33 Lastly, the Eastern Cooperative Oncology 
Group E3F05 trial should provide more insight into the use of 
temozolomide in low-grade gliomas, and early-phase trials of 
the IDH1 inhibitor AG-120 are ongoing (NCT02073994).

Our meta-analysis corroborated the poor prognosis 
conveyed by tumors >5  cm in maximum dimension, by 
tumors located in eloquent brain areas, by tumors with-
out IDH1 mutations, and by a pre- or postoperative KPS 
≤80%.53,57 Surprisingly, the widely held view that age ≥40 
also conveys a poor prognosis could not be substantiated 
by studies included in the present analysis, a finding also 
previously demonstrated in a pooled analysis of the early 
prospective and randomized clinical trials.53,58

The present analysis has several limitations. First, the 
quality of evidence of studies included in the analysis 
was often low, reflecting flaws in study design. High-
quality, randomized, controlled trials remain the gold 
standard for treatment decisions and practice guide-
lines; however, these have proven difficult to conduct in 
patients with low-grade gliomas. Data from alternative 
study designs can, in this case, provide rational guid-
ance for the management of low-grade gliomas.50 When 
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possible, we performed analyses using only high-quality 
data. Second, some of the trials that contributed patients 
to this meta-analysis included patients with pilocytic 
astrocytomas (WHO Grade I  tumors). These studies did 
not provide sufficient detail to permit us to exclude 
these patients from our analysis, but the number of such 
patients was small (8.3% of patients for the analysis of 
survival and extent of resection, and 2.7% for the analy-
sis of progression-free survival; 0.71% for the analysis 
of survival and chemotherapy; 9.7% for the analysis 
of survival and radiation, and 0.27% for the analysis 
of progression-free survival and radiation), therefore 
the inclusion of these patients likely does not alter the 
interpretation of the presented data. Third, although no 
study was excluded because of its language, we did not 
identify any eligible non-English language trials, which 
could be an indication of publication bias.59 Fourth, the 
WHO recently introduced a new classification scheme 
for CNS tumors.3 Redesigning the analysis to reflect 
these changes would not be possible without access to 
individual patient and molecular data. How changes in 
the classification scheme will affect therapies and out-
comes should be an area of investigation in the future. 
Additionally, many of the studies included in the analy-
sis did not evaluate outcomes based on molecular mark-
ers that are now known to have important diagnostic 
and prognostic implications.8 Finally, although we did 
apply conventional meta-analytic techniques to attempt 
to address the risks of publication bias and study hetero-
geneity, these techniques do not fully mitigate these 2 
potential threats to the reliability of meta-analyses.

There remains a paucity of high-quality studies address-
ing the management of low-grade gliomas. Although no 
Class  I  studies exist in the surgical literature, consistent 
results across 3 decades fortify the assertion that GTR is 
superior to STR, but both selection and outcome assess-
ment bias remain serious concerns. Fewer studies overall 
address the question of the role of radiation and the role of 
chemotherapy. In contrast to the extent-of-resection ques-
tion, however, some high-quality trials do exist, and demon-
strate the feasibility of conducting such studies. Additional 
research incorporating the features of high-quality studies, 
in particular randomized treatment assignment, allocation 
concealment, masked assessment, and rational a priori sam-
ple size calculations are essential. These studies should also 
account for the molecular features that form the basis of the 
new classification scheme for low-grade gliomas.3

Questions regarding the management of low-grade glio-
mas persist. For clinicians who require guidance in caring 
for their patients with low-grade gliomas today, the litera-
ture reasonably supports the assertion that greater extent 
of resection is associated with greatest survival benefit. 
High-quality studies suggest that adjuvant chemotherapy 
in addition to radiation produces a survival benefit at 
10 years, and the overall body of research suggests a pro-
gression-free survival benefit at 5 and 10 years with chemo-
therapy and radiation. Patients with IDH1-mutated tumors 
may benefit more from chemotherapy than their wild-type 
counterparts. Radiation is associated with a progression-
free survival benefit at 2, 5, and 10 years. Moderate-dose 
(45-55 Gy) radiation appears to be as effective as high-dose 
(59-65 Gy) radiation. Maximum tumor diameter >5  cm, 
eloquent tumor location, lack of an IDH1 mutation, lack of 

1p19q codeletion, and a KPS ≤80% either before or after 
surgery are associated with poorer overall survival, and 
should be considered when advising patients, deciding on 
therapy, and designing the next generation of clinical trials.
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