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Background: We conducted this meta-analysis based on eligible trials to investigate the 

relationship between phosphatase and tensin homolog (PTEN) genetic mutation and glioma 

patients’ survival. 

Methods: PubMed, Web of Science, and EMBASE were searched for eligible studies regarding 

the relationship between PTEN genetic mutation and glioma patients’ survival. The primary 

outcome was the overall survival of glioma patient with or without PTEN genetic mutation, 

and second outcome was prognostic factors for the survival of glioma patient. A fixed-effects 

or random-effects model was used to pool the estimates according to the heterogeneity among 

the included studies.

Results: Nine cohort studies, involving 1,173 patients, were included in this meta-analysis. 

Pooled results suggested that glioma patients with PTEN genetic mutation had a significant 

shorter overall survival than those without PTEN genetic mutation (hazard ratio [HR] =2.23, 

95% confidence interval [CI]: 1.35, 3.67; P=0.002). Furthermore, subgroup analysis indicated 

that this association was only observed in American patients (HR =2.19, 95% CI: 1.23, 3.89; 

P=0.008), but not in Chinese patients (HR =1.44, 95% CI: 0.29, 7.26; P=0.657). Histopatho-

logical grade (HR =1.42, 95% CI: 0.07, 28.41; P=0.818), age (HR =0.94, 95% CI: 0.43, 2.04; 

P=0.877), and sex (HR =1.28, 95% CI: 0.55, 2.98; P=0.564) were not significant prognostic 

factors for the survival of patients with glioma.

Conclusion: Current evidence indicates that PTEN genetic mutation is associated with poor 

prognosis in glioma patients. However, this finding is derived from data in observational 

studies, potentially subject to selection bias, and hence well conducted, high-quality randomized 

controlled trials are warranted.
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Introduction
Glioma is the most common neoplasm of the central nervous system, accounting 

for ~40%–50% of brain tumors.1 In 2008, 237,913 individuals were diagnosed with a 

primary malignant brain tumor worldwide.2 The overall survival (OS) rates of high-

grade glioma at 1- and 5-year were 40% and 10%, respectively.3 The high mortality 

rate of gliomas is attributable to their invasiveness and high recurrence rate.4,5 Despite 

advances in diagnostics and treatment, such as modern diagnostic procedures, novel 

surgical techniques, and subsequent radiochemotherapy, the prognosis of patients 

suffered from high-grade glioma remains dismal.6 As a result of this, great attention 

has been recently paid to specific tumor-related molecular markers, as complement 

to traditional pathology-based diagnostic and prognostic markers, and as potential 

individualized therapeutic targets.7
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Phosphatase and tensin homolog (PTEN), located on 

chromosome 10q23.3, is one of the most commonly lost 

or downregulated genes implicated in brain, breast cancer, 

and prostate tumors.8 PTEN is a tumor suppressor gene, 

playing important roles in the regulation of cell prolifera-

tion, adhesion and invasion, apoptosis, and DNA damage 

repair.9–11 The loss of PTEN expression has been indicated 

to be an early event in glioma, with mutations occurring in 

between 5% and 40% of glioma cases.12–14 Previous studies 

indicated that tissue growth and cell number are influenced 

by Pten.15,16 Moreover, Pten has independently been shown 

to play roles in both neurogenesis and gliogenesis.17,18 In 

the nervous system, deletion of Pten in neural progenitor 

cells during embryogenesis disrupts migration and proper 

formation of the laminar structure of the brain. And Pten 

loss results in disrupted regulation of cell size or cell 

number in the brain and underscores the importance of 

Pten in normal central nervous system development and 

maintenance.19,20

It has been reported that the mutations of PTEN have 

been involved with malignant progression of glioma;21,22 thus, 

they are correlated with a shorter OS in glioma. However, 

the prognostic significance of PTEN in glioma is still a mat-

ter of debate. Some studies have suggested that PTEN gene 

mutations in glioma are associated with poor survival,23,24 

whereas other studies have reported that PTEN gene muta-

tions have no correlation with survival.25,26 Therefore, we 

conducted this meta-analysis based on available studies to 

investigate the relationship between PTEN gene mutation 

and glioma patients’ survival.

Materials and methods
search strategy and selection criteria
Literature searches of PubMed, Web of Science, and EMBASE 

database (up to September 2, 2015) were performed to 

identify studies that investigated the relationship of PTEN 

gene mutational status in glioma patients and its association 

with patients’ survival. The following search strategy was 

used: (“glioma”[MeSH Terms] OR “glioma”[All Fields]) 

AND (PTEN[All Fields] OR ((“phosphoric monoester 

hydrolases”[MeSH Terms] OR (“phosphoric”[All Fields] 

AND “monoester”[All Fields] AND “hydrolases”[All Fields]) 

OR “phosphoric monoester hydrolases”[All Fields] OR 

“phosphatase”[All Fields]) AND (“tensins”[Supplementary 

Concept] OR “tensins”[All Fields] OR “tensin”[All Fields]) 

AND homolog[All Fields])). There was no limitation on lan-

guage and year of publication. In addition, the reference lists 

of the identified studies were manually searched to include 

other potentially eligible trials. This process was performed 

iteratively until no additional studies could be found.

Studies meeting the following inclusion criteria were 

included: 1) study design: case–control or cohort studies; 

2) study population: adult patients with a histological or 

pathological diagnosis of glioma; and 3) outcome measure: 

provided sufficient information on the genotype frequencies 

of PTEN genetic mutation and available data on the associa-

tion between PTEN genetic mutation and patients’ survival.

Data extraction and quality assessment
Two authors (HY and FH) independently extracted the fol-

lowing information from the selected studies: first author, 

year of publication, number of patients in each group, 

patients’ characteristics, study design, duration of follow-up, 

genotyping method, genotype frequencies, and OS. A stan-

dardized Excel file was established to extract the data. All 

the entered data were checked by another author (RH). 

Disagreements among them were resolved by discussion 

and consensus. When the same trial appeared in different 

publications, we only chose the most information or latest 

article to avoid duplication of information.

The methodological quality of the trials included in this 

meta-analysis was assessed by the modified Newcastle-Ottawa 

Scale.27 The scale consists of three items describing subject 

selection (0–4 points), comparability of subject (0–2 points), 

and outcome (0–3 points). The full score of Newcastle-Ottawa 

Scale was 9 points. And articles with a total score more than 

5 points were considered as high quality.27

statistical analysis
We investigated the relationship between PTEN genetic 

mutation and the prognosis of patients with glioma based 

on the data extracted from the studies included in this meta-

analysis. For the time-to-event variables (ie, OS), they were 

expressed as hazard ratio (HR) with 95% confidence inter-

vals (CIs) for each study. Before the data were aggregated, 

Cochran’s Q chi-square test and I2 analysis were conducted 

to assess the presence of heterogeneity among the included 

studies. A P-value 0.1 or I250% indicated significant 

heterogeneity.28 A random-effects model was used to 

pool the estimates when the heterogeneity was present;29 

otherwise, a fixed-effects model was used.30 In some stud-

ies, Kaplan–Meier curves were provided instead of HR and 

95% CI; in these cases, we used the method described by 

Tierney to estimate the HR and 95% CI from the Kaplan–

Meier curves.31 Publication bias was evaluated using the 

test of Begg32 and Egger.33 A P-value 0.05 was judged as 
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statistically significant, except where otherwise specified. All 

analyses were performed with STATA, Version 12.0 (Stata 

Corporation, College Station, TX, USA).

Results
Identification of eligible studies
The initial search yielded 746 relevant records from PubMed, 

Web of Science, and EMBASE. Four hundred and fifty-two 

records were excluded for duplicates, and 277 records were 

excluded based on title/abstracts for various reasons. Of the 277 

records, 194 were animal experiments or unrelated with our 

topics, 43 were reviews, 21 were case reports, and 19 did not 

provide outcomes of our interest. Then, the remaining 17 full-

text articles were assessed for eligibility. However, eight 

studies were excluded for the following reasons: four were 

unrelated with our topics;34–37 three did not provide outcomes 

of interest;38–40 and one was an animal experiment.41 Finally, 

nine studies were included in this meta-analysis.12,14,23–26,42–44 

The selection flowchart is shown in Figure 1.

characteristics of eligible studies
The main characteristics of included studies are presented 

in Table 1. These studies were conducted between 1999 and 

2014. The sample size of these studies ranged from 22 to 586 

(total of 1,173 patients). All these trials were cohort studies. 

Among the nine studies, three were conducted in the US, 

three in People’s Republic of China, one in Malaysia, one 

in Italy, and one in Canada. The median follow-up ranged 

from 24 months to 11 years. The quality of cohort studies 

was assessed by Newcastle-Ottawa Scale, and the scores 

ranged from 6 to 8, which indicated that these studies had 

high quality (Table 1).

Overall survival
Eight studies reported the data of relationship between 

PTEN genetic mutation and the prognosis of patients with 

glioma.12,14,23–26,42,44 The aggregated results showed that 

glioma patients with PTEN genetic mutation had a signifi-

cantly shorter OS than those without PTEN genetic mutation 

Figure 1 Search strategy and flowchart for the meta-analysis.
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(HR =2.23, 95% CI: 1.35, 3.67; P=0.002) (Figure 2). The test 

for heterogeneity was significant (P=0.000, I2=86.5%). Subse-

quently, we conducted subgroup analysis to explore potential 

sources of heterogeneity. The results showed that the asso-

ciation between PTEN genetic mutation and poor prognostic 

of glioma was only observed among American patients 

(HR =2.19, 95% CI: 1.23, 3.89; P=0.008), but not among 

Chinese patients (HR =1.44, 95% CI: 0.29, 7.26; P=0.657).

Since the number of studies conducted in Malaysia, 

Italy, and Canada was only one, the subgroup analysis based 

Table 1 characteristics of the studies included in the meta-analysis

Study N Year of 
publication

Age (years) Male/
female

Tumor Country Median 
follow-up 

NOS scale

smith et al12 174 2001 43 (14–79) 77/48 anaplastic astrocytoma/
glioblastoma multiforme

Usa 104.7 months 8

carico et al14 155 2012 nr 100/55 glioblastoma Usa 3 years 7
D’Urso et al24 59 2009 54.9 33/26 astrocytoma/

oligoastrocytoma/
anaplastic astrocytoma

italy 2 years 7

James et al23 135 1999 nr 47/88 astrocytomas/
oligoastrocytomas/
oligodendrogliomas

Usa 11 years 7

abdullah et al25 37 2006 73% 40 nr astrocytoma Malaysia 3 years 6
Yang et al26 22 2010 52 (25–72) 17/5 gliomas People’s republic 

of china
8–10 years 7

sasaki et al42 72 2001 nr nr anaplastic 
oligodendrogliomas

canada 10 years 6

Wang et al43 88 2013 36 (3–72) 51/37 glioma People’s republic 
of china

42 months 8

Xu et al44 586 2014 nr nr glioma People’s republic 
of china

125 months 8

Note: Data presented as median range unless otherwise stated.
Abbreviations: nOs, newcastle-Ottawa scale; nr, not reported.

Figure 2 Forest plot showing the relationship between PTEN mutations and prognosis in patients with glioma.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; HR, hazard ratio; PTEN, phosphatase and tensin homolog.
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on these regions was not performed. The Begg and Egger 

tests revealed that no evidence of publication bias existed 

(for Begg’s test, Z=0.60, P=0.548; for Egger’s test, t=0.90, 

P=0.411).

Prognostic factors for the Os of glioma 
patients
Four studies reported the data on prognostic factors for the 

OS of gliomapatients.12,14,25,43 The pooled results indicated 

that histopathological grade (HR =1.42, 95% CI: 0.07, 28.41; 

P=0.818), age (HR =0.94, 95% CI: 0.43, 2.04; P=0.877), 

and sex (HR =1.28, 95% CI: 0.55, 2.98; P=0.564) were not 

significant prognostic factors for the survival of patients with 

gliomas (Figure 3).

Discussion
The major aim of this meta-analysis was to investigate the 

relationship between PTEN mutations and prognosis in 

patients with glioma. This meta-analysis suggests that PTEN 

mutations are strongly associated with a shorter survival 

in patients with glioma. However, this relationship is only 

observed in American patients, but not in Chinese. Moreover, 

several factors, including histopathological grade, age, and 

sex, were not identified as prognostic factors for the survival 

of patients with gliomas.

The present study indicated that survival time of gliomas 

patients who had PTEN mutations was significantly shorter 

than these without PTEN mutations, which suggest that 

there is a strong correlation between PTEN status and 

patients’ prognosis. According to these included studies, 

it is still controversial whether PTEN mutations are cor-

related to poor prognosis. Several studies have addressed 

whether PTEN mutations could be regarded as a poten-

tial candidate in predicting clinical outcome of glioma. 

These studies reported different types of glioma, four of 

which were glioblastoma14,24,26,44 and one was anaplastic 

oligodendroglioma.42 Their results showed that PTEN 

mutation was associated with poor prognosis of anaplastic 

oligodendroglioma patients.42 Whereas, for glioblastoma 

patients, the four studies reported inconsistent results. Two 

studies12,24 found this strong correlation while the remaining 

two14,44 did not. Sasaki et al42 investigated 47 patients with 

anaplastic gliomas (seven treated with chemotherapy) and 

seven of them were detected with PTEN gene mutations. 

The median survival time for patients with or without 

PTEN mutations was 14.8 and 123.4 months, respectively, 

Figure 3 Forest plot showing the prognostic factors for the overall survival of glioma patients.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; HR, hazard ratio.
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which indicated that PTEN mutations was associated with 

shorter survival in gliomas patients, even in chemosensitive 

cases.42 This demonstrated that PTEN mutations may be 

considered as one of the key prognostic factors for patients 

suffering from anaplastic oligodendrogliomas, and might 

be correlated to an aggressive tumor phenotype regard-

less of chemosensitivity.42 In another study conducted by 

Smith et al,12 174 patients with newly diagnosed gliomas 

were enrolled, of whom 63 were anaplastic astrocytoma and 

111 were glioblastoma multiforme. PTEN gene alterations 

were detected in eleven out of 63 patients with anaplastic 

astrocytoma, and 37 out of 111 patients with glioblastoma 

multiforme. The median survival time of anaplastic astro-

cytoma patients with or without PTEN gene alteration was 

4.4 and 34.4 months, respectively, whereas in glioblastoma 

patients with or without PTEN gene alteration, the median 

survival time was 11.7 and 11.2 months, respectively. This 

suggested that PTEN gene mutations may be regarded as a 

powerful prognostic factor for decreased survival time in 

patients with anaplastic astrocytoma.

However, two other studies25,26 identified no association 

between survival and mutation of PTEN gene in patients 

with gliomas. In the study conducted by Yang et al,26 a total 

of 22 patients suffering from gliomas were enrolled in that 

study. Among them, eleven cases of grade III and eleven cases 

of grade IV were defined as high-grade gliomas. The median 

survival time of patients with or without PTEN mutations was 

67 and 99 weeks, respectively.26 However, the difference of 

the median survival time between the two groups did not reach 

the significance level. Consistent with this result, Abdullah 

et al25 also observed an insignificant result between PTEN 

mutations and survival time. In that study, 37 Malaysian 

glioma patients were analyzed, and seven of them showed 

PTEN mutations. Although the authors did not report the 

median survival time for each group, their result from multi-

variate Cox regression analysis showed that PTEN mutations 

did not have an impact on the survival time of patients with 

gliomas (HR =2.66, 95% CI: 0.91, 7.80; P=0.074).

In this meta-analysis, we found that several factors, 

including histopathological grade, age, and sex, were not 

identified as prognostic factors for the survival of patients 

with gliomas. These results were also observed in the study 

conducted by Abdullah et al,25 in which age (HR =1.54, 

95% CI: 0.52, 4.61; P=0.450), sex (HR =1.27, 95% CI: 0.44, 

3.66; P=0.661), and histopathological grade (HR =6.56, 

95% CI: 0.82, 52.68; P=0.077) did not contribute to the sur-

vival outcome of the glioma patients.25 The authors thought 

that a significant association might be found if the sample 

size was larger than the sample in that study, since the PTEN 

mutations were only found in seven of 37 cases (18.9%).25 

And the high-grade tumors were found in 23 out of 37 cases 

(62.2%). If the PTEN mutations were found in a higher pro-

portion of high-grade tumors, the association between tumor 

grade and mutation would be significant.

Limitations
This study has several limitations. First, there was consider-

able heterogeneity among the studies, including differences 

in region, ethnicity, histopathological grade, and duration 

of follow-up. These factors have the potential to affect our 

results. Second, among the nine studies, some had a relative 

small sample size, which may result in an overestimation 

of the effect when compared with larger trials. Third, in 

this study, we found a strong correlation between PTEN 

mutations and poor prognosis, and this was mostly observed 

in anaplastic astrocytoma. However, when the tumor was 

glioblastoma multiforme, this relationship disappeared. 

Thus, we speculated that PTEN mutations could be used as 

an important prognostic factor for patients with anaplastic 

astrocytoma rather than glioblastoma multiforme. However, 

due to the limited studies reporting these data, this subgroup 

analysis was not performed. Fourth, some studies provided 

Kaplan–Meier curves rather than the HRs with 95% CI for 

OS. In this case, we estimated the values of HRs with 95% 

CI from the Kaplan–Meier curves, which might lead to inac-

curate data. Fifth, the data analysis of prognostic factors is 

based on only two studies, and the conclusion might not be 

representative and extensive. Thus, interpreting these results 

should be with caution. Last, although we searched three 

commonly used databases for eligible studies, we could 

not exclude the possibility that some non-English-language 

studies were missed. This may lead to bias in effect size.

Conclusion
This meta-analysis showed that PTEN genetic mutation is 

strongly correlated with poor prognosis in glioma patients. 

This may indicate that PTEN genetic mutation could be 

regarded as an important factor in the pathogenesis of glioma. 

However, this finding is derived from data in observational 

studies, potentially subject to selection bias, and hence well 

conducted, high-quality randomized controlled trials are 

warranted.
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