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ABSTRACT
Increased glycolysis is one of the hallmarks of cancer. The abnormal expression of 

glucose transporter 1 (GLUT1) was reported to be associated with resistance to current 
therapy and poor prognosis. Numerous studies have investigated the correlation 
between GLUT1 expression and prognosis in cancers, but the conclusions are still 
controversial. Here, we conducted a meta-analysis to explore the association between 
GLUT1 and survival in human cancers. PubMed, Springer, Medline, and Cochrane 
Library were searched carefully to identify eligible studies evaluating prognostic 
value of GLUT1 in cancers. Twenty-seven studies with 4079 patients were included in 
the present study. Our pooled results identified that increased expression of GLUT1 
was associated with unfavorable overall survival (HR = 1.780, 95% CI = 1.574–.013,  
p < 0.001)) and poorer disease-free survival (HR = 1.95, 95% CI = 1.229–3.095,  
p = 0.003). Furthermore, overexpression of GLUT1 linked with poor differentiated tumors  
(RR = 1.380, 95% CI = 1.086–1.755, p = 0.009; I2 = 72.0%, p < 0.001), positive lymph 
node metastasis (RR = 1.395, 95% CI = 1.082–1.799, p = 0.010; I2 = 70.8%, p = 0.002) 
and larger tumor size (RR = 1.405, 95% CI = 1.231–1.603, p < 0.001; I2 = 37.3%,  
p = 0.093). This systematic review and meta-analysis indicated that the GLUT1 may 
serve as an ideal prognostic biomarker in various cancers.

INTRODUCTION

Tumor cells exhibit an altered metabolism to 
support their fury proliferation under robust environment. 
Increased need for glycolysis, known as Warburg effect, 
and glucose uptake for energy production were identified 
in various cancers [1]. Although oxidative catabolism was 
more efficient in ATP production, glycolysis was identified 
increased along with upregulation of glucose transporters. 
Recent studies have showed that overexpression of glucose 
transporters (GLUTs), a protein family responsible for 
glucose uptake, resulted in enhanced aerobic glycolysis of 
cancers [2]. To date, 14 members of the glucose transporter 
family have been reported. Based on the sequence of 

similarities and structure elements, the glucose transporter 
family can be divided into three subfamilies [3]. Among 
them, GLUT1, encoded by the SLC2A1 gene, is likely one 
of the most extensively studied proteins of all membrane 
transport systems. GLUT1 is a representative protein of 
GLUT family and is widely distributed in normal tissues. 
GLUT1 is primarily undetectable in normal epithelial 
tissues and benign epithelial tumors. Overexpression of 
GLUT1 during the oncogenesis has been identified in 
various cancers, which results in increased glucose uptake 
into cytoplasm of tumor cells [4]. 

Given the importance of GLUT1 in oncogenesis, 
some studies were conducted to investigate the prognostic 
value of GLUT1 in tumors. However, conflicting results 
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were found across different tumors. Some studies 
reported that overexpression of GLUT1 was significantly 
associated with poor survival in patients with different 
cancers, whereas others found no significant association 
[4]. Identification of patients with poor prognosis can help 
develop novel treatment strategies at the beginning of 
treatment, which may lead to better and more individual 
therapy strategies with superior survival. Therefore, it 
is meaningful to further evaluate the prognostic value 
of GLUT1 in cancers. Here, we conducted a systematic 
review and meta-analysis of published literature to 
investigate and determine the prognostic value of GLUT1 
among different cancers and to provide objective evidence 
to support further prospective clinical studies.

RESULTS

Study selection and description of the include 
studies

A total of 315 relevant studies were identified after 
removing duplicated records. The title and abstract of 
relevant articles were scrutinized by two authors (Yu and 
Chen) independently, and 247 citations were excluded 
from the first screening, leaving 68 citations for full-
text review. After careful evaluation, only 27 studies 
with 4079 patients met the inclusion criteria for further 
analysis (Figure 1). The characteristics of the 27 included 
studies were shown in Table 1. Briefly, all eligible studies 
were retrospective studies that contained 49–617 samples 
and published from 2001 to 2016. All of the included 
studies measured the expression of GLUT1 by means of 
immunohistochemistry (IHC) staining or PCR in human 
tissues, and the cut-off values varied across studies. 
Among the studies, 4 evaluated lung cancer [5–8],  
3 evaluated pancreatic cancer [9–11], 3 evaluated 
breast cancer [12, 14], 2 evaluated gallbladder cancer 
[10, 15], 2 evaluated gastric cancer [16, 17], 2 evaluated 
colorectal cancer [18, 19], 2 evaluated laryngeal cancer 
[20, 21], and 1 each evaluated  hypopharyngeal cancer 
[22], endometrial cancer [23], salivary gland tumor [24], 
adrenocortical cancer [25], liver cancer [26], ampulla of 
Vater cancer [10], extrahepatic bile duct cancer [10], oral 
cancer [27], neuroblastic tumors [28], cervical cancer 
[29], ovarian cancer [30] and esophageal cancer [31]. 
Due to the retrospective design of the included studies, 
only five studies examined both OS and DFS [6, 12, 
14, 25, 29]. Sixteen studies investigated the association 
between GLUT1 level and OS [7–11, 15–21, 24, 27, 
28, 30], while four studies investigated the association 
between GLUT1 and DFS [5, 13, 23, 26]. Studies by 
Mineta [22] reported relapse-free survival data, whereas 
study by Sawayama [31] reported data of relapse-free 
survival and cancer-specific survival. Among the included 
studies, various antibodies were applied to evaluate the 
expression of GLUT1. Most of them were produced by 

Abcam and Dako, with dilution ranging 1:100 to 1:7500. 
The cut-off values varied dependent on staining score and 
the detection method. According to Newcastle-Ottawa 
Scale (NOS) tool, we systematically evaluated the quality 
of the included studies, and the results were shown in 
Supplementary Table 1. The included studies had a mean 
score of 7.2 (range 5 to 8), indicating the acceptable 
quality of included original studies. 

Prognostic value of GLUT1

A total of 232 patients in three studies [9–11] were 
included for evaluating the prognostic value of GLUT1 in 
pancreatic cancer. Results suggested that high expression 
of GLUT1 was associated with shorter overall survival in 
pancreatic cancer (fixed-effect model; HR = 1.469, 95% 
CI = 1.134–1.903, p = 0.004; I2 = 0%, p = 0.624). As for 
lung cancer [6–8] in three studies involved 518 patients, 
the pooled results suggested overexpression of GLUT1 
had a significantly poor survival effect on OS (fixed-effect 
model; HR=2.188, 95% CI=1.348–3.553, p = 0.002;  
I2 = 0%, p = 0.685). 

Since only a small part of studies reported other 
cancers, we just presented the qualitative summary and 
gave up quantitative synthesis. Some studies indicated 
that there was a poor prognostic value of GLUT1 in oral 
squamous cell carcinoma [27], malignant salivary gland 
tumors [24], colorectal cancer [18, 19], gastric cancer 
[16, 17], gallbladder cancer [10, 15], extrahepatic bile 
duct cancer [10], adrenocortical carcinoma [25] and 
neuroblastic tumor [28]. Others studies found there was no 
significant association between GLUT1 expression with 
prognosis in laryngeal cancer [20, 21], ampulla of vater 
cancer [10], extrahepatic bile duct cancer [10], cervical 
cancer [29], and ovarian cancer [2]. As for breast cancer, 
Kang [14] found there was no significant association 
between GLUT1 expression with OS, while Jang [12] 
identified a poor prognostic value of GLUT1 in their 
studies. 

Among the studies reporting the OS data, the 
pooled results indicated that overexpression of GLUT1 
was significantly associated with unfavorable OS  
(HR = 1.780, 95% CI = 1.574–2.013, p < 0.001). No 
significant heterogeneity was observed and the fixed-effect 
model was applied (I2 = 0.00%, p = 0.542) (Figure 2A). 

There were nine studies reporting the DFS data [5, 6, 
12–14, 23, 25, 26, 29]. Results showed that overexpression 
of GLUT1 was significantly associated with unfavorable 
DFS (HR=1.950, 95% CI =1.229–3.095, p = 0.003). There 
was statistically significant heterogeneity across the studies 
and the random-effect model was applied (I2 = 66.2%, p = 
0.005) (Figure 2B). 

Only two studies reported the RFS data, and 
qualitative summary was present. Study from Sawayama 
[31] found that overexpression of GLUT1 was associated 
with poor RFS in esophageal squamous cell carcinoma, 



Oncotarget43358www.impactjournals.com/oncotarget

whereas Mineta [22] found no significant association 
between GLUT1 and RFS in hypopharyngeal cancer. 
Besides, study from Sawayama [31] also indicated 
that overexpression of GLUT1 showed a significant 
disadvantage for esophageal cancer-specific survival.

Correlation of GLUT1 expression with 
clinicopathological features

As shown in Figure 3, overexpression of GLUT1 
was identified to be significantly associated with poor 
differentiated tumors (RR = 1.380, 95% CI = 1.086 – 1.755,  
p = 0.009; I2 = 72.0%, p < 0.001) (Figure 3A), positive 
lymph node metastasis (RR = 1.395, 95% CI = 1.082–1.799,  
p = 0.010; I2 = 70.8%, p = 0.002) (Figure 3B) and larger 
tumor size (RR = 1.405, 95% CI = 1.231 – 1.603, p < 0.001; 
I2 = 37.3%, p = 0.093) (Figure 3C). The overexpression 
of GLUT1 did not appear to be associated with age   
(RR = 1.063, 95% CI = 0.959–1.178, p = 0.244;  
I2 = 0.0%,  p = 0.637) (Supplementary Figure 1A) and 
gender (RR = 1.196, 95% CI = 0.977–1.464, p = 0.083;  
I2 = 60.5%,  p = 0.002) (Supplementary Figure 1B). In 
addition, overexpression of GLUT1 was more likely to be 
found in tumors with abnormal expression of p53. However, 
no significant relationship was identified in the pooled results 
(RR = 1.174, 95% CI = 0.953–1.448, p = 0.132; I2 = 32.8%, 
p = 0.190) (Figure 3D ). 

Heterogeneity

To explore the potential source of heterogeneity 
found in these analysis, subgroup analysis and sensitivity 
analysis were performed. Exploratory subgroup 
analyses were conducted according to ethnicity, sample 
size, cancer types, recruitment time, antibody source, 
methods of positive GLUT1 evaluation, study quality 
and cut-off value in OS. As indicated in Table 2, these 
variables did not alter the prognostic value of GLUT1 in 
OS. Interestingly, the prognostic impact of GLUT1 was 
numerically higher in the group of studies with larger 
sample size (> 100) (HR= 1.828, 95% CI = 1.583–2.111, 
p < 0.001), group of studies on non-gastrointestinal 
cancer (HR=2.132, 95% CI = 1.607–2.828, p < 0.001), 
group of studies using Dako antibody (HR = 1.927, 95%  
CI = 1.573–2.360, p < 0.001), group of studies using  high 
cut-off value (range = 10%–100%) (HR = 2.325, 95%  
CI = 1.365-3.960, p = 0.002).

Subgroup analyses were also carried out to explore 
source of heterogeneity in DFS. As shown in Table 2, 
the prognostic value of GLUT1 in DFS was worse 
with respect to Asian group (HR = 1.871, 95% CI =  
1.186–2.951, p = 0.007), larger sample size (HR = 2.141, 95%  
CI = 1.286–3.565, p = 0.007), late recruitment time  
(HR = 2.326, 95% CI = 1.401–3.861, p = 0.001), antibody 
produced by Abcam (HR = 2.091, 95% CI = 1.410–3.101, 

Figure 1: Flow chart of the selection of the studies in the meta-analysis.



Oncotarget43359www.impactjournals.com/oncotarget

Table 1: Characteristics of studies included in the present meta-analysis

Study Country Cancer types Patient 
number

Recruitment 
time Age

Follow-up 
months 

(median)
Method Antibody 

source Dilution Cut-off
Positive 

rate 
(%)

Study 
Quality

Kawamura, 
2011 [16] Japan Gastric cancer 617 1987–1989 27–88 NA IHC Polyclonal, 

Chemicon 1:4000 1.00% 29.5 6

Furudoi, 
2001 [18] Japan Colorectal 

cancer 111 1983–1994 52.5–74.1 49.3–77.1 
 (mean = 63.2) IHC Polyclonal, 

DAKO 1:100 30% 35.1 7

Kang, 
2002 [14] Korea Breast cancer 100 1996–1997 23–74 49–67 

(median = 57.4) IHC Polyclonal, 
DAKO 1:200 10% 47 6

Mineta, 
2002 [22] Japan Hypopharyngeal 

cancer 99 NA 39–94 6–192 
(mean = 49) IHC Polyclonal, 

Chemicon 1:1000 70% 46.5 7

Sebastiani, 
2004 [23] Italy Endometrial 

cancer 87 1992–1996 27–92 Median = 60 IHC Polyclonal, 
DAKO NA score=6 43 7

Mori, 2006 
[24]  Japan Salivary gland 

tumors 49 1990–2005 14–82 NA IHC Polyclonal, 
DAKO 1:50 15% 26.5 5

Lyshchik, 
2007 [11] Japan Pancreatic 

cancer 74 NA 40–81 NA IHC Polyclonal, 
DAKO 1:200 60% 44.6 7

Legan, 
2009 [15] Slovenia Gallbladder 

cancer 50 1998–2005 34–84 NA IHC Polyclonal, 
DAKO 1:100 50% 58 5

Fenske, 
2009 [25] Germany Adrenocortical 

cancer 118 NA NA NA IHC Polyclonal, 
DAKO 1:100 10% 33.8 5

Kitamura, 
2010 [26] Japan Liver cancer 63 2003–2005 32–80 2.5–66.7

(mean = 38) IHC Polyclonal, 
DAKO 1:200 0% 36.5 8

Sung, 2010 
[10] Korea Gallbladder 

cancer 115 1983–2007 NA 1–160 
(mean = 36) IHC Polyclonal, 

DAKO 1:200 5% 46.1 6

Sung, 2010 
[10] Korea Pancreatic 

cancer 52 1983- 2007 NA 2–244 
(mean = 28) IHC Polyclonal, 

DAKO 1:200 5% 51.9 6

Sung, 2010 
[10] Korea Ampulla of 

Vater cancer 67 1983–2007 NA 1–264 
(mean = 73) IHC Polyclonal, 

DAKO 1:200 = 5% 56.7 6

Sung, 2010 
[10] Korea Extrahepatic bile 

duct cancer 121 1983- 2007 NA 1–235
 (mean = 45) IHC Polyclonal, 

DAKO 1:200 = 5% 31.4 6

Andersen, 
2011 [5] Norway Lung cancer 108 1990–2004 28–85 48–216  

(median = 86) IHC Monoclonal, 
Abcam 1:500 25% 58.4 8

Jang, 2012 
[12] Korea Breast cancer 276 2000–2009. Mean= 50 NA  

 (mean = 60) IHC Monoclonal, 
Abcam 1:250 10% 37.1 6

Sasaki, 
2012 [7] Japan Lung cancer 279 2001–2008 29–86 NA IHC

Monoclonal, 
Thermo 

Scientific
NA NA 49.1 6

Kwon, 
2013 [13] Korea Breast cancer 207 2000–2010 28–52.4 NA IHC Monoclonal, 

Abcam 1:200 10% 2.4 5

Maki, 2013 
[6] Japan Lung cancer 105 2004–2006 29–83 NA  

(median = 59.7) IHC Monoclonal, 
Abcam 1:200 10% 26.7 8

Grimm, 
2013 [27] USA Oral cancer 161 NA NA NA  

(mean = 52.26) IHC Polyclonal, 
DAKO 1:100 10% 41.6 8

Ramani, 
2013 [28] UK Neuroblastic 

tumors 96 1994–2011 0.001–16 15–195  
(median = 86) IHC

Polyclonal, 
Merck-

Millipore
NA NA 45.8 8
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p < 0.001) and low study quality (HR = 2.685, 95%  
CI = 1.500–4.805, p = 0.001). The prognostic value of 
GLUT1 in DFS was also altered based on cancer types, 
methods of positive GLUT1 evaluation and cut-off values. 
However, these results needed to be interpreted cautiously 
because of the small number of eligible studies. 

To gauge the stability of the results, sensitivity 
analysis was performed by assessing the potential impact 
of individual study on pooled data. As shown Table 3, the 
pooled results of OS and DFS was not significantly altered 
after exclusion of any study, indicating the robustness of 
present results (Supplementary Figure 2A and 2B).

Publication bias 

We assessed the publication bias by visually 
assessing a funnel plot for asymmetry and by 
quantitatively performing Begg’s test and Egger’s test. 
The funnel plots showed evidence for symmetry in both 
OS (Figure 4A) and DFS (Figure 4B). No publication bias 
was found in the overall survival meta-analysis (Begg’s 
test, p = 0.359; Egger’s test, p = 0.207). The Egger’s test 
was significant (p = 0.022) for publication bias but not 
the Begg’s test (p = 0.917) in the disease-free survival 
meta-analysis. Considering the non-normal distribution 

Kim, 2013 
[29] Korea Cervical cancer 162 1996–2010 NA 6–60  

(mean = 55.6) IHC Monoclonal, 
NeoMarkers 1:3000 score = 8 22.8 7

Cho, 2013 
[30] Korea Ovarian cancer 50 2008–2010 NA NA  

(mean = 31.6) IHC Monoclonal,  
R&D Systems NA score = 

3.85 52 7

Sawayama, 
2014 [31] Japan Esophageal 

cancer 145 2000–2008 NA 1.3–132.3 
(median = 39.5) IHC Polyclonal, 

Abcam 1:7500 50% 28.3 8

Yu, 2015 
[9] China Pancreatic 

cancer 106 2000–012 31–77 NA IHC Monoclonal, 
Epitomics 1:250 score = 2 58.5 8

Osugi, 
2015 [8] Japan Lung cancer 134 1998–2000 48–87 NA IHC Polyclonal, 

DAKO 1:500 50% 56 5

Starska, 
2015 [20] Poland Laryngeal 

cancer 106 2003–2011 62.4 ± 9.1 NA PCR NA NA NA 83.9 6

Hans, 2015 
[17] Germany Gastric cancer 150 2006–2011 NA NA  

(mean = 33.2) IHC NA 1:100 = 10% 22 7

Goos, 2015 
[19] Netherlands Colorectal 

cancer 214 1990–2010 NA NA IHC Polyclonal, 
Abcam 1:600 NA 50 8

Zuo, 2016 
[21] China Laryngeal 

cancer 57 2012–2014 NA NA IHC NA, Epitomics NA NA NA 5

Abbreviations: NA, not available; IHC, immunohistochemistery; WB, western blotting; TMA, tissue microarrayers.

Figure 2: Forest plot of hazard ratio (HR) for the association between GLUT1 expression and OS (A) and DFS(B)
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Table 2: Subgroup analyses for overall survival (OS) and disease-free survival (DFS)
Outcome Characteristics Number of 

studies I-square Hazard Ratio (95% 
confidence interval) Lower CI Upper CI P value

OS

Ethnicity Between groups

Caucasian 7 0.00% 1.859 1.492 2.318 < 0.001

Asian 14 7.20% 1.771 1.51 2.078 < 0.001

Sample size Between groups*

< 100 8 0.00% 1.658 1.31 2.098 < 0.001

> 100 14 0.00% 1.828 1.583 2.111 < 0.001

Cancer types Between groups

Gastrointestinal cancer 11 17.80% 1.738 1.488 2.031 < 0.001

other cancers 10 0.00% 2.132 1.607 2.828 < 0.001

Recruitment time 
(Starting time)

Between groups

Before 2000 10 21.20% 1.865 1.538 2.262 < 0.001

After 2000 8 0.00% 1.922 1.461 2.53 < 0.001

Others 3 20.20% 1.628 1.194 2.22 0.002

Antibody source Between groups

Dako 9 24.80% 1.927 1.573 2.36 < 0.001

Abcam 3 0.00% 1.715 1.18 2.492 0.005

others 9 0.00% 1.657 1.351 2.033 < 0.001

Evaluation of positive 
GLUT1 expression

Between groups

Percentage of positive 
cells

12 21.80% 1.819 1.528 2.166 < 0.001

Combination of 
intensity and percentage 
score

3 0.00% 1.716 1.099 2.821 0.019

Others 6 0.00% 1.863 1.426 2.433 < 0.001

Study quality Between groups

≥ 7 10 6.20% 1.775 1.574 2.013 < 0.001

< 7 11 0.00% 1.796 1.533 2.105 < 0.001

Cut-off value Between groups

Low level (range =  
0%–10%)

8 0.00% 1.72 1.46 2.027 < 0.001

High level (range = 
10%–100%)

5 65.80% 2.325 1.365 3.96 0.002

Others 8 0.00% 1.78 1.574 2.013 < 0.001

DFS

Ethnicity Between groups

Asian 6 10.30% 1.871 1.186 2.951 0.007

Caucasian 3 86.40% 2.026 0.856 4.794 0.108

Sample size Between groups

< 100 3 56.30% 1.657 0.702 3.913 0.249

> 100 6 46.70% 2.141 1.286 3.565 0.003

Cancer types Between groups

Gastrointestinal cancer 1 NA 3.32 0.908 12.139 0.07

other cancers 8 67.70% 1.86 1.151 3.005 0.011

Recruitment time Between groups

Start before 2000 4 51.90% 1.298 0.837 2.013 0.243

Start after 2000 4 0.00% 2.326 1.401 3.861 0.001

Others 1 NA 6.01 2.146 16.831 0.001

Detection methods Between groups

IHC only

IHC +TMA, IHC+WB
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Antibody source Between groups

Dako 4 79.80% 2.494 0.882 7.051 0.085

Abcam 4 0.00% 2.091 1.41 3.101 0

others 1 NA 0.96 0.438 2.102 0.919

Evaluation of positive 
GLUT1 expression

Between groups

Percentage of positive 
cells

7 0.00% 2.463 1.745 3.477 0

Combination of 
intensity and percentage 
score

2 0.00% 1.006 0.806 1.256 0.958

Study quality Between groups

≥ 7 5 63.10% 1.544 0.916 2.602 0.103

< 7 4 17.90% 2.685 1.5 4.805 0.001

Cut-off value Between groups

Low level (range =  
0%–10%)

6 0.00% 2.788 1.804 4.309 0

High level (range = 
10%–100%)

1 NA 2 1.138 3.516 0.016

Others 2 0.00% 1.006 0.806 1.256 0.958

Figure 3: Forest plot of hazard ratio (HR) for the association between GLUT1 expression and characteristics parameters: poor differentiated 
tumors (A), positive lymph node metastasis (B), larger tumor size (C) and abnormal expression of p53 (D).
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of the included patient numbers and the discrepancies 
of these two tests, the Egger test is not to be trusted. 
Therefore, there is no significant publication bias in 
the above analyses (Figure 4). The finding was another 
strong evidence to verify that GLUT1 was an independent 
prognostic factor in various tumors.

DISCUSSION

Overexpression of GLUT1 may represent a key 
mechanism by which malignant cells may achieve 
increased glucose uptake and compensate the lack of 
energy caused by inefficient anaerobic glycolysis [2]. 

Table 3: The influence of individual study on the pooled estimate for outcomes
Outcome Study omitted Estimate [95% confidence interval]

OS

Kawamura, 2011 [19] 1.862 1.628 2.129 
Furudoi, 2001 [21] 1.731 1.527 1.961 
Kang, 2002 [17] 1.786 1.579 2.020 
Mori, 2006 [27] 1.765 1.560 1.997 
Lyshchik, 2007 [14] 1.845 1.621 2.100 
Legan, 2009 [18] 1.746 1.540 1.979 
Fenske, 2009 [28] 1.778 1.567 2.018 
Sung, 2010 [13] 1.744 1.535 1.981 
Sung, 2010 [13] 1.802 1.587 2.046 
Sung, 2010 [13] 1.786 1.578 2.022 
Sung, 2010 [13] 1.783 1.571 2.024 
Jang, 2012 [15] 1.763 1.557 1.996 
Sasaki, 2012 [10] 1.751 1.544 1.986 
Maki, 2013 [9] 1.780 1.574 2.013 
Grimm, 2013 [30] 1.763 1.555 1.999 
Ramani, 2013 [31] 1.770 1.563 2.003 
Kim, 2013 [32] 1.780 1.574 2.013 
Cho, 2013 [33] 1.782 1.575 2.015 
Yu, 2015 [12] 1.780 1.569 2.020 
Osugi, 2015 [11] 1.785 1.577 2.020 
Starska, 2015 [23] 1.792 1.583 2.028 
Goos, 2015 [22] 1.807 1.589 2.054 
Hans, 2015 [20] 1.783 1.572 2.022 
Zuo, 2016 [24] 1.783 1.576 2.016 
Combined 1.780 1.574 2.013 

DFS

Kang, 2002 [17] 1.916 1.179 3.114 
Sebastiani, 2004 [26] 2.218 1.466 3.354 
Fenske, 2009 [28] 1.633 1.087 2.453 
Kitamura, 2010 [29] 1.860 1.151 3.005 
Andersen, 2011 [8] 1.986 1.156 3.413 
Jang, 2012 [15] 1.968 1.155 3.353 
Kwon, 2013 [16] 2.008 1.235 3.264 
Maki, 2013 [9] 1.828 1.153 2.897 
Kim, 2013 [32] 2.214 1.308 3.747 
Combined 1.950 1.229 3.095 
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Therefore, the prognostic value of GLUT1 have been 
extensively explored in various cancers [5–31]. However, 
inconsistent results were found in different studies  
[12, 14, 29]. So far, there is no meta-analysis regarding 
the association between GLUT1 expression and survival 
of tumors. To provide comprehensive and reliable 
conclusions, we conducted the present meta-analysis to 
assess the prognostic value of GLUT1 in tumors. Our 
comprehensive meta-analysis of 4079 patients included 
in 27 different studies indicated that overexpression of 
GLUT1 associated with worse OS and DFS. Moreover, 
we provided evidence that abnormal expression of GLUT1 
was significantly associated with poor differentiated 
tumors, positive lymph node metastasis and larger tumor 
size, which suggested that overexpression of GLUT1 
linked with enhanced invasive potential, proliferative 
activity, and decreased patient survival. Subgroup analyses 
were performed to explore the source of heterogeneity 
based on ethnicity, sample size, cancer types, recruitment 
time, antibody source, methods of positive GLUT1 
evaluation, study quality and cut-off value. We found 
that these variables did not alter the prognostic value of 
GLUT1 in OS, whereas prognostic value of GLUT1 in 
DFS was more obvious in Asian group, larger sample 
size, late recruitment time, antibody produced by 
Abcam and low study quality. In light of these findings, 
we hypothesized that GLUT1 may contribute to the 
pathogenesis of cancers. Therefore, GLUT1 may be an 
ideal prognostic factor in various cancers. 

However, the mechanism how GLUT1 contributes 
to the oncogenesis remains unclear. Previous studies 
have pointed out that significantly higher GLUT1 mRNA 
expression levels were identified in various cancer tissues 
and cell lines compared to normal cells and matched 
non-tumor tissue. Further suppression of GLUT1 
expression significantly impaired both the survival and 
migratory potential of cancer cells. Moreover, inhibition 
of GLUT1 chemosensitized head and neck cancer cells 
to cisplatin [32–35]. Recent studies found that GLUT1 

overexpression significantly upregulated the expression of 
NFκB-p65, and it was reversed by inhibition of GLUT1 
expression [33]. Given the oncogenic role of NFκB-p65 
in tumorigenicity, the survival effects of GLUT1 may 
be associated with the activation of the NFκB pathway 
[36]. Recent study identified that translocation of GLUT1 
onto the plasma membrane from para-glogian area was 
dependent on activation of the PI3KC1-AKT pathway. 
The results suggested that overexpression of GLUT1 in 
proliferating cancer cells was associated with the abnormal 
activation of the PI3KC1-AKT pathway, consequent to 
the mutational activation of PI3KC1 and/or the loss of 
PTEN [37]. In addition, several signaling molecules and 
pathways were showed to be involved in the regulation of 
expression and distribution of GLUT1, such as hypoxia 
induced factor 1, c-Myc, Ras and p53 signaling pathway 
[38], which suggested that signaling network was really 
complex in regulation of GLUT1. Further elucidation of 
signaling network of GLUT1 may provide novel methods 
for detection and treatment of cancer. Currently, GLUT1 
expression could be measured simply and inexpensively 
as part of the routine histologic biopsy of tumors samples 
prior to operation [9]. The present results may vary from 
other meta analyses with respect to colorectal cancer, 
breast cancer and oral squamous cell carcinoma, which is 
partly attributed to different inclusion criteria and different 
research Interests [39–43]. Unlike other meta-analyses, 
our present analysis not only assess the association 
between GLUT1 and nineteen kinds of cancers, but 
also employed HR to assess the impact of GLUT1 on 
survival. The number of eligible studies is small because 
of the strict inclusion criteria. However, the quality of the 
included study and the reliability of present results were 
guaranteed. Evidence showed that it is not suitable to use 
OR or RR in a meta-analysis of time-to-event outcomes. 
Those dichotomous measures can result in combining 
trials reported at different stages of maturity, with variable 
follow up, resulting in an estimate that is both unreliable 
and difficult to interpret [44]. Therefore, we applied HR 

Figure 4: Funnel plot for the assessment of publication bias in this study. (A) Funnel plot for 21 studies reporting overall 
survival. (B) Funnel plot for 9 studies reporting disease-free survival. 
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to estimate the prognostic value of GLUT1 in various 
cancers. According to the results in present analysis, 
GLUT1 has an ideal prognostic value in various cancers, 
and the feasible histologic biopsy may be helpful for more 
adequate clinical decision.

Certainly, further studies are essential to confirm 
the credibility of our result. Some important limitations of 
this meta-analysis should be considered when interpreting 
the results. Firstly, only papers published in English was 
included, which probably introduced bias. Secondly, 
different methods of survival data analysis in different 
studies should be considered as a potential source of 
heterogeneity. Although most studies adjusted their HRs 
and 95% CIs using multivariate analysis, variables added 
into Cox proportional hazard models were different 
from study to study. Thirdly, GLUT1 staining was 
heterogeneous, cytoplasmic and membranous. Most of 
the included studies did not evaluate the cytoplasmic and 
membranous staining separately. Therefore, the individual 
prognostic value of cytoplasmic and membranous 
GLUT1 remains further evaluation. Finally, metabolism 
is a complex, multistep, and highly dynamic process. 
Therefore, a prognostic model integrating a group of 
valuable metabolic markers may be more accurate in 
predicting cancer prognosis. 

CONCLUSIONS

To sum up, this systematic review and meta-analysis 
indicated that a low expression of the GLUT1 predicted 
favorable prognosis in gallbladder cancer, pancreatic cancer, 
breast cancer, and lung cancer. However, due to the limitations 
in terms of quality and quantity of published original articles, 
the clinical utility of this biomarker is still reliant on future 
validation. Therefore, more high-quality, large-sample, 
prospectively designed studies are highly recommended.

MATERIALS AND METHODS

Publication search strategy and selection criteria 

Up to May 2016, a systematic search was conducted 
using PubMed, Medline, Springer and Cochrane library. 
We identified articles using the following search strategies: 
(cancer OR carcinoma OR neoplasm OR tumor) AND 
(prognos* OR surviv*) AND (GLUT1 OR Glucose 
transporter-1 OR SLC2A1). Studies included in our study 
had to meet the following criteria: (1) hazard ratio (HR) 
and 95% confidence interval (CI) for overall survival (OS)/
disease-free survival (DFS)/relapse-free survival(RFS)
were reported or could be extracted from data presented; 
(2) when the same group of patients was reported in 
multiple studies, the most informative one was included; 
(3) availability of full papers in English; (4) assessment of 
the expression of GLUT1 in human tissues and the sample 
size of the study was more than 40 patients. The exclusion 

criteria were as follows: (1) literature reviews, comments, 
letters, or duplicated publications; (2) no sufficient data 
to estimate the HR and 95% CI; or (3) the full text could 
not be retrieved even if the contact with authors had been 
made. 

Data extraction and quality assessment

Two authors (Yu and Chen) carefully read the 
full texts independently and extracted the data to avoid 
bias in the process of data-abstraction. The following 
information was recorded: the first author’s name, the 
country of authors, the year of publication, cancer types, 
patient number, age, follow-up months, detection method, 
primary antibody, dilution concentration, cut-off value, 
positive rate and so on. The Newcastle-Ottawa Scale 
was applied to assess the quality of each included study. 
The NOS criteria was scored based on three aspects: (1) 
subject selection, (2) comparability of subject, (3) clinical 
outcome. Scores based on NOS of 1–3, 4–6, and 7–9 were 
defined as low-, intermediate-, and high-quality studies, 
respectively. All disagreements were discussed and 
resolved with consensus.

Statistical analysis

Meta-analysis was performed using the Stata 
(version 11 for Windows). For the quantitative aggregation 
of the survival results, HRs and their 95% CIs were 
used. In some studies, where HRs and corresponding  
95% CIs of low expression versus high expression were 
provided, we calculated reciprocal to get high expression 
versus low expression data. In studies where HRs and 
corresponding 95% CIs were not directly reported, we 
estimated these values on the basis of available data, 
such as survival curves, using the methods developed 
by Parmar [45], Williamson [46], and Tierney [44]. 
When analyzing the relationship between GLUT1 and 
clinicopathological factors, risk ratios (RR) and their 95% 
CI were applied. Heterogeneity was assessed by the Chi-
squared test and p value in our meta-analysis. I² value was 
used to evaluate the heterogeneity, fixed-effect model was 
used if there was I² = 0–50%, which means no significant 
heterogeneity. Otherwise, the random-effects model was 
applied. Forest plots were used to illustrate the HRs and 
95% CIs of each included study and the results were 
pooled. To visually assess the possibility of publication 
bias in a meta-analysis, we produced a funnel plot of the 
estimated effects. Further Egger’s test and Begg’s test 
were performed to weigh the potential publication bias. 
Sensitivity analysis was performed by extraction of each 
single study to investigate the stability of the results. All  
p values were two-side, being statistically significant 
when p value less than 0.05. As for only two studies were 
focused on RFS data, we just presented the qualitative 
summary and gave up quantitative synthesis.



Oncotarget43366www.impactjournals.com/oncotarget

ACKNOWLEDGMENTS AND FUNDING

This study was supported by grants from the 
National Science Foundation of Guangdong Province, 
China (No. 2014A030310073), Guangdong Province 
Public interest research and capacity - building 
projects, China (No.2014A020212448), Natural 
Science Foundation of Guangdong Province - Doctor 
Foundation (No. 2014A030310073), and Guangzhou 
Science and technology plan of scientific research projects, 
China (No.201510010286).

CONFLICTS OF INTEREST

We declare that we have no conflicts of interest.

REFERENCES

 1. Hasanpourghadi M, Looi CY, Pandurangan AK, Sethi G,  
Wong WF, Mustafa MR. Phytometabolites targeting 
warburg effect in cancer cells: A mechanistic review. Curr 
Drug Targets. 2016; 18:1086–1094.

 2. Mueckler M, Thorens B. The SLC2 (GLUT) family of 
membrane transporters. Mol Aspects Med. 2013; 34:121–138.

 3. Joost HG, Bell GI, Best JD, Birnbaum MJ, Charron MJ, 
Chen YT, Doege H, James DE, Lodish HF, Moley KH, 
Moley JF, Mueckler M, Rogers S, et al. Nomenclature of the 
GLUT/SLC2A family of sugar/polyol transport facilitators. 
Am J Physiol Endocrinol Metab. 2002; 282:E974–E976.

 4. Szablewski L. Expression of glucose transporters in cancers. 
Biochim Biophys Acta. 2013; 1835:164–169.

 5. Andersen S, Eilertsen M, Donnem T, Al-Shibli K, Al-
Saad S, Busund LT, Bremnes RM. Diverging prognostic 
impacts of hypoxic markers according to NSCLC histology. 
Lung Cancer. 2011; 72:294–302.

 6. Maki Y, Soh J, Ichimura K, Shien K, Furukawa M, 
Muraoka T, Tanaka N, Ueno T, Yamamoto H, Asano H, 
Tsukuda K, Toyooka S, Miyoshi S. Impact of GLUT1 
and Ki-67 expression on earlystage lung adenocarcinoma 
diagnosed according to a new international multidisciplinary 
classification. Oncol Rep. 2013; 29:133–140.

 7. Sasaki H, Shitara M, Yokota K, Hikosaka Y, Moriyama S, 
Yano M, Fujii Y. Overexpression of GLUT1 correlates with 
Kras mutations in lung carcinomas. Mol Med Rep. 2012; 
5:599–602.

 8. Osugi J, Yamaura T, Muto S, Okabe N, Matsumura Y, 
Hoshino M, Higuchi M, Suzuki H, Gotoh M. Prognostic 
impact of the combination of glucose transporter 1 and ATP 
citrate lyase in node-negative patients with non-small lung 
cancer. Lung Cancer. 2015; 88:310–318.

 9. Yu M, Zhou Q, Zhou Y, Fu Z, Tan L, Ye X, Zeng B, 
Gao W, Zhou J, Liu Y, Li Z, Lin Y, Lin Q, et al. Metabolic 
phenotypes in pancreatic cancer. Plos One. 2015; 
10:e115153.

10. Sung JY, Kim GY, Lim SJ, Park YK, Kim YW. Expression of 
the GLUT1 glucose transporter and p53 in carcinomas of the 
pancreatobiliary tract. Pathol Res Pract. 2010; 206:24–29.

11. Lyshchik A, Higashi T, Hara T, Nakamoto Y, Fujimoto K, 
Doi R, Imamura M, Saga T, Togashi K. Expression of 
glucose transporter-1, hexokinase-II, proliferating cell 
nuclear antigen and survival of patients with pancreatic 
cancer. Cancer Invest. 2007; 25:154–162.

12. Jang SM, Han H, Jang KS, Jun YJ, Jang SH, Min KW, 
Chung MS, Paik SS. The glycolytic phenotype is correlated 
with aggressiveness and poor prognosis in invasive ductal 
carcinomas. J Breast Cancer. 2012; 15:172–180.

13. Kwon JE, Jung WH, Koo JS. The expression of metabolism-
related proteins in phyllodes tumors. Tumour Biol. 2013; 
34:115–124.

14. Kang SS, Chun YK, Hur MH, Lee HK, Kim YJ, Hong SR, 
Lee JH, Lee SG, Park YK. Clinical significance of glucose 
transporter 1 (GLUT1) expression in human breast 
carcinoma. Jpn J Cancer Res. 2002; 93:1123–1128.

15. Legan M, Luzar B, Marolt VF. Expression of 
cyclooxygenase-2, glucose transporter-1 and angiogenesis 
in gallbladder carcinomas and their impact on prognosis. 
Scand J Gastroenterol. 2009; 44:1101–1108.

16. Kawamura T, Kusakabe T, Sugino T, Watanabe K, Fukuda T,  
Nashimoto A, Honma K, Suzuki T. Expression of glucose 
transporter-1 in human gastric carcinoma: Association with  
tumor aggressiveness, metastasis, and patient survival. 
Cancer. 2001; 92:634–641.

17. Schlosser HA, Drebber U, Urbanski A, Haase S, Baltin C, 
Berlth F, Neiss S, von Bergwelt-Baildon M, Fetzner UK, 
Warnecke-Eberz U, Bollschweiler E, Holscher AH, Monig 
SP, et al. Glucose transporters 1, 3, 6, and 10 are expressed 
in gastric cancer and glucose transporter 3 is associated with 
UICC stage and survival. Gastric Cancer. 2015; 20:83–91.

18. Furudoi A, Tanaka S, Haruma K, Yoshihara M, Sumii K, 
Kajiyama G, Shimamoto F. Clinical significance of human 
erythrocyte glucose transporter 1 expression at the deepest 
invasive site of advanced colorectal carcinoma. Oncology. 
2001; 60:162–169.

19. Goos JA, de Cuba EM, Coupé VM, Diosdado B, Delis-Van 
Diemen PM, Karga C, Beliën JA, Menke-Van der Houven 
van Oordt CW, Geldof AA, Meijer GA, Hoekstra OS, 
Fijneman RJ, DeCoDe PET Group. Glucose transporter 1 
(SLC2A1) and vascular endothelial growth factor a (VEGFA) 
predict survival after resection of colorectal cancer liver 
metastasis. Ann Surg. 2016; 263:138–145.

20. Starska K, Forma E, Jozwiak P, Brys M, Lewy-Trenda I, 
Brzezinska-Blaszczyk E, Krzeslak A. Gene and protein 
expression of glucose transporter 1 and glucose transporter 
3 in human laryngeal cancer-the relationship with regulatory 
hypoxia-inducible factor-1alpha expression, tumor invasiveness, 
and patient prognosis. Tumour Biol. 2015; 36:2309–2321.

21. Zuo J, Wen J, Lei M, Wen M, Li S, Lv X, Luo Z, Wen G. 
Hypoxia promotes the invasion and metastasis of laryngeal 
cancer cells via EMT. Med Oncol. 2016; 33:15.



Oncotarget43367www.impactjournals.com/oncotarget

22. Mineta H, Miura K, Takebayashi S, Misawa K, Araki K, 
Misawa Y, Ueda Y. Prognostic value of glucose transporter 
1 expression in patients with hypopharyngeal carcinoma. 
Anticancer Res. 2002; 22:3489–3494.

23. Sebastiani V, Visca P, Botti C, Santeusanio G, Galati GM, 
Piccini V, Capezzone de Joannon B, Di Tondo U, Alo PL.  
Fatty acid synthase is a marker of increased risk of recurrence 
in endometrial carcinoma. Gynecol Oncol. 2004; 92:101–105.

24. Mori Y, Tsukinoki K, Yasuda M, Miyazawa M, Kaneko A, 
Watanabe Y. Glucose transporter type 1 expression are 
associated with poor prognosis in patients with salivary 
gland tumors. Oral Oncol. 2007; 43:563–569.

25. Fenske W, Volker HU, Adam P, Hahner S, Johanssen S, 
Wortmann S, Schmidt M, Morcos M, Muller-Hermelink HK, 
Allolio B, Fassnacht M. Glucose transporter GLUT1 
expression is an stage-independent predictor of clinical 
outcome in adrenocortical carcinoma. Endocr Relat Cancer. 
2009; 16:919–928.

26. Kitamura K, Hatano E, Higashi T, Narita M, Seo S, 
Nakamoto Y, Yamanaka K, Nagata H, Taura K, Yasuchika K, 
Nitta T, Uemoto S. Proliferative activity in hepatocellular 
carcinoma is closely correlated with glucose metabolism but 
not angiogenesis. J Hepatol. 2011; 55:846–857.

27. Grimm M, Munz A, Teriete P, Nadtotschi T, Reinert S. 
GLUT-1(+)/TKTL1(+) coexpression predicts poor outcome 
in oral squamous cell carcinoma. Oral Surg Oral Med Oral 
Pathol Oral Radiol. 2014; 117:743–753.

28. Ramani P, Headford A, May MT. GLUT1 protein expression 
correlates with unfavourable histologic category and high 
risk in patients with neuroblastic tumours. Virchows Arch. 
2013; 462:203–209.

29. Kim BW, Cho H, Chung JY, Conway C, Ylaya K, 
Kim JH, Hewitt SM. Prognostic assessment of hypoxia 
and metabolic markers in cervical cancer using automated 
digital image analysis of immunohistochemistry. J Transl 
Med. 2013; 11:185.

30. Cho H, Lee YS, Kim J, Chung JY, Kim JH. Overexpression 
of glucose transporter-1 (GLUT-1) predicts poor prognosis in 
epithelial ovarian cancer. Cancer Invest. 2013; 31:607–615.

31. Sawayama H, Ishimoto T, Watanabe M, Yoshida N, Baba Y, 
Sugihara H, Izumi D, Kurashige J, Baba H. High expression 
of glucose transporter 1 on primary lesions of esophageal 
squamous cell carcinoma is associated with hematogenous 
recurrence. Ann Surg Oncol. 2014; 21:1756–1762.

32. Amann T, Maegdefrau U, Hartmann A, Agaimy A, 
Marienhagen J, Weiss TS, Stoeltzing O, Warnecke C, 
Scholmerich J, Oefner PJ, Kreutz M, Bosserhoff AK, 
Hellerbrand C. GLUT1 expression is increased in 
hepatocellular carcinoma and promotes tumorigenesis. Am 
J Pathol. 2009; 174:1544–1552.

33. Li S, Yang X, Wang P, Ran X. The effects of GLUT1 on the 
survival of head and neck squamous cell carcinoma. Cell 
Physiol Biochem. 2013; 32:624–634.

34. Shimanishi M, Ogi K, Sogabe Y, Kaneko T, Dehari H, 
Miyazaki A, Hiratsuka H. Silencing of GLUT-1 inhibits 
sensitization of oral cancer cells to cisplatin during hypoxia. 
J Oral Pathol Med. 2013; 42:382–388.

35. Noguchi Y, Saito A, Miyagi Y, Yamanaka S, Marat D, Doi C, 
Yoshikawa T, Tsuburaya A, Ito T, Satoh S. Suppression of 
facilitative glucose transporter 1 mRNA can suppress tumor 
growth. Cancer Lett. 2000; 154:175–182.

36. Hoesel B, Schmid JA. The complexity of NF-kappaB 
signaling in inflammation and cancer. Mol Cancer. 
2013;12:86.

37. Phadngam S, Castiglioni A, Ferraresi A, Morani F, Follo C, 
Isidoro C. PTEN dephosphorylates AKT to prevent the 
expression of GLUT1 on plasmamembrane and to limit 
glucose consumption in cancer cells. Oncotarget. 2016; 
7:84999–85020. doi: 10.18632/oncotarget.13113.

38. Szablewski L. Expression of glucose transporters in cancers. 
Biochim Biophys Acta. 2013; 1835:164–169.

39. Chen X, Lu P, Zhou S, Zhang L, Zhao JH, Tang JH. 
Predictive value of glucose transporter-1 and glucose 
transporter-3 for survival of cancer patients: A meta-
analysis. Oncotarget. 2017; 8:13206–13213. doi: 10.18632/
oncotarget.14570.

40. Yang J, Wen J, Tian T, Lu Z, Wang Y, Wang Z, Wang X, Yang 
Y. GLUT-1 overexpression as an unfavorable prognostic 
biomarker in patients with colorectal cancer. Oncotarget. 
2016; 8:11788–11796. doi: 10.18632/oncotarget.14352.

41. Li CX, Sun JL, Gong ZC, Lin ZQ, Liu H. Prognostic value 
of GLUT-1 expression in oral squamous cell carcinoma: 
A prisma-compliant meta-analysis. Medicine (Baltimore). 
2016; 95:e5324.

42. Jones RP, Bird NT, Smith RA, Palmer DH, Fenwick SW, 
Poston GJ, Malik HZ. Prognostic molecular markers in 
resected extrahepatic biliary tract cancers; A systematic 
review and meta-analysis of immunohistochemically 
detected biomarkers. Biomark Med. 2015; 9:763–775.

43. Adams A, van Brussel AS, Vermeulen JF, Mali WP, 
van der Wall E, van Diest PJ, Elias SG. The potential of 
hypoxia markers as target for breast molecular imaging-
-a systematic review and meta-analysis of human marker 
expression. BMC Cancer. 2013; 13:538.

44. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. 
Practical methods for incorporating summary time-to-event 
data into meta-analysis. Trials. 2007;  8:16.

45. Parmar MK, Torri V, Stewart L. Extracting summary 
statistics to perform meta-analyses of the published literature 
for survival endpoints. Stat Med. 1998; 17:2815–2834.

46. Williamson PR, Smith CT, Hutton JL, Marson AG. 
Aggregate data meta-analysis with time-to-event outcomes. 
Stat Med. 2002; 21:3337–3351.


