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Background: Autophagy plays a key role in the development of non-small-cell lung cancer 

(NSCLC). Beclin-1 is essential for the initiation and regulation of autophagy. Accumulated 

studies have investigated the prognostic role of Beclin-1 in NSCLC, but conclusions remain 

controversial. Therefore, we conducted this meta-analysis to assess the potential significance 

of Beclin-1 in NSCLC.

Materials and methods: PubMed and Embase databases were searched for eligible studies 

published before December 31, 2017. Odds ratio (OR) was pooled to evaluate the clinico-

pathological significance of Beclin-1 in NSCLC. Hazard ratio (HR) was adopted to assess the 

association of Beclin-1 with overall survival (OS).

Results: Eight studies involving 1,159 patients were included in this meta-analysis. The pooled 

results showed that high Beclin-1 expression was significantly correlated with earlier tumor 

grade (OR=0.54, 95% CI: 0.36–0.81, P=0.003), less nodal involvement (OR=0.56, 95% CI: 

0.37–0.86, P=0.007), earlier TNM stage (OR=0.62, 95% CI: 0.43–0.89, P=0.010), smaller 

tumor size (OR=0.54, 95% CI: 0.36–0.81, P=0.003), better differentiation (OR=0.48, 95% CI: 

0.36–0.64, P,0.001), and less recurrence (OR=0.24, 95% CI: 0.14–0.41, P,0.001). Moreover, 

high level of Beclin-1 was significantly associated with better OS in NSCLC (HR=0.41, 95% 

CI: 0.26–0.64, P,0.001).

Conclusion: Our meta-analysis suggests that high Beclin-1 expression predicts a better 

clinicopathological status and a better prognosis in NSCLC. Beclin-1 might act as a promising 

prognostic biomarker for NSCLC.
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Introduction
Lung cancer is the leading cause of cancer-related deaths in males, and the second 

leading cause in females worldwide. Non-small-cell lung cancer (NSCLC) accounts for 

75%–80% of lung cancer patients.1 Multimodal therapeutic strategies including surgery, 

radiotherapy, chemotherapy, as well as molecular-targeted therapy have made great 

contributions to the treatment of NSCLC. However, owing to the rapid progression 

of tumors and late stage of diagnosis, the prognosis is dismal with a 5-year survival 

ranging between 7% and 18% in different countries.2 The clinical dilemma makes it 

urgent to develop more effective strategies for the diagnosis, treatment, and prognosis 

prediction of NSCLC. Previous researches mainly focused on apoptosis induced by 

various anticancer strategies. In recent years, a novel mechanism, autophagy, has 

received critical attention.
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Autophagy is an evolutionary conserved process in both 

prokaryotic and eukaryotic cells induced by metabolic stress 

or other stimuli. The basal level of autophagy is crucial for 

the survival of cells. Autophagy has a dual role in cancer 

cells, and may function as both a tumor suppressor and a 

tumor promoter in a context-dependent fashion. During 

carcinogenesis, autophagy may be regulated to match with 

the proliferation of cancer cells. In the early stage of carcino-

genesis, autophagy may function as a tumor suppressor due 

to immunosurveillance, and the inhibition of autophagy may 

accelerate the progression of carcinogenesis, while autophagy 

may act as a tumor promoter in the late stage of tumor pro-

gression, which has to resist the hostile environment caused 

by hypoxia, nutrition deprivation, and metabolic stress.3,4 

Moreover, the dynamic equilibrium of autophagy is critical to 

the survival of cancer cells, and the deregulation of autophagy 

may disturb the growth and differentiation of cancer cells.5 

Some pharmaceuticals have the ability to resist cancer by 

regulating autophagy. For example, rapamycin enhances 

the anticancer effect of chemotherapy agents by upregulat-

ing autophagy, while chloroquine improves the anticancer 

effect of everolimus by inhibiting autophagy.6,7 Therefore, 

the modification of autophagy is considered a promising 

strategy for cancer therapy. A series of components called 

autophagy-related genes or proteins (Atg) are involved in 

the initiation and progression of autophagy. As the first 

identified mammalian Atg, Beclin-1 plays a key role in the 

initiation and regulation of autophagy. Beclin-1 is also the 

essential component of PI3K-III complex, which is composed 

of Vps34, Beclin-1, Vps15, and mAtg14. The interaction of 

Beclin-1 with Vps34 initiates autophagy by recruiting other 

Atgs to the phagophore.8 Moreover, Beclin-1 participates 

in the regulation of autophagy by binding with different 

molecules, such as UVRAG and Bcl-2 family proteins.9 

The aberrant expression of Beclin-1 has been observed in 

a series of cancers, such as breast cancer, oral cancer, and 

gallbladder cancer.10–12 Numerous researches investigated the 

correlation between Beclin-1 and prognosis of NSCLC, but 

the conclusions were inconsistent. Therefore, the following 

meta-analysis was performed.

Materials and methods
search strategy
PubMed and Embase databases were searched for relevant 

studies that evaluated the prognostic and clinicopathological 

value of Beclin-1 in NSCLC published up to December 31, 

2017. The search strategy included the following terms: 

“lung cancer” or “lung carcinoma” or “pulmonary cancer” 

or “pulmonary carcinoma” combined with “Beclin-1” or 

“BECN-1”. Moreover, the references of relevant literatures 

were also reviewed manually for suitable studies.

inclusion and exclusion criteria
Studies were primarily considered to be eligible if they 

satisfied all of these criteria: 1) patients were pathologi-

cally diagnosed with NSCLC; 2) the detection biomarker 

was Beclin-1; 3) sufficient data were supplied to assess the 

hazard ratios (HRs) and CIs of overall survival (OS), or 

adequate information could be extracted to estimate the cor-

relation between Beclin-1 expression and clinicopathological 

characteristics; and 4) the language was limited to English. 

Furthermore, studies were excluded if they met one of the 

following criteria: 1) not written in English; 2) insufficient 

information to estimate the prognostic and clinicopathologi-

cal correlation; and 3) duplicated data.

Quality assessment
Two investigators (D Li and S Feng) independently assessed 

the included studies in accordance with the Newcastle–

Ottawa Quality Assessment Scale.13 This scale evaluated the 

quality of studies by awarding scores, and the total scores 

represented the quality of studies. A third investigator (Z He) 

checked the included studies for potential errors.

Data extraction
All data were extracted independently by two investigators 

(T Zheng and Z He). If there were disagreements that affected 

the quality of pooled results, a third investigator (S Zhao) 

assessed and determined the data independently. The following 

data were extracted: 1) general information including the 

name of the first author, publication year, country, number 

of patients, treatment strategy, follow-up period, and detec-

tion method of Beclin-1; 2) clinicopathological information 

including the correlation between Beclin-1 expression and 

tumor grade, nodal involvement, tumor node metastasis 

(TNM) stage, tumor size, tumor differentiation, and recur-

rence; and 3) HRs and 95% CIs for OS were extracted from 

the studies if the data were supplied explicitly in the published 

studies. If the survival data were not reported, we extracted 

them from Kaplan–Meier curves for further calculation.

statistical analysis
The patients were stratified into high-expression and low-

expression group according to the detection level of Beclin-1. 

Pooled OR and 95% CI were adopted to evaluate the corre-

lation between Beclin-1 expression and clinicopathological 
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characteristics, including gender, age, tumor grade, nodal 

involvement, TNM stage, tumor size, differentiation, and 

recurrence. Pooled HR and 95% CI were calculated to esti-

mate the correlation between Beclin-1 expression and OS. 

For studies that only provided the Kaplan–Meier curves, we 

estimated the HRs and 95% CIs from the curves according to 

the method introduced by Parmar et al.14 The heterogeneity 

was assessed by the inconsistency index I2, and was consid-

ered significant if P-value was ,0.1 or I2 was .50%. If the 

heterogeneity was not significant, the fixed-effect model was 

adopted; otherwise, the random-effect model was adopted. To 

estimate the reliability of the pooled result, sensitivity analy-

sis was performed by omitting each single study. Publication 

bias was assessed by Begg’s funnel plot and Egger’s bias 

indicator test.15 Data were processed using Stata version 12.0 

(Stata Corporation, College Station, TX, USA).

Results
search results and characteristics of 
eligible studies
The flowchart of the literature search is shown in Figure 1. 

A total of 535 studies were identified according to the search 

strategy. Of these, 163 studies were removed because of 

duplication. By screening the abstracts, 324 studies were 

excluded due to irrelevant content or language limita-

tion or because they were laboratory research reports or 

reviews. After screening the full text, 40 studies were 

excluded. Finally, eight studies were included for further 

analysis.16–23

The general characteristics of the included studies are 

summarized in Table 1. The eight studies were published 

between 2011 and 2015. Five studies were conducted in 

China,16,20–23 two in Korea,17,18 and one in Greece.19 A total 

of 1,159 patients were included, and sample sizes for the 

included studies ranged between 79 and 262. The treatment 

strategy was surgery alone or multiple therapies, which 

comprised surgery, chemotherapy, and radiotherapy. The 

detection methods included immunohistochemistry and 

reverse transcription polymerase chain reaction. Four studies 

reported the HR data directly,17,20,21,23 and one study provided 

Kaplan–Meier curve.22 The quality scores ranged between 

7 and 9 (Table 2).

correlation between Beclin-1 expression 
and clinicopathological characteristics
As shown in Figure 2 and Table 3, our meta-analysis showed 

that high expression of Beclin-1 was significantly correlated 

with earlier tumor grade (OR=0.54, 95% CI: 0.36–0.81, 

P=0.003, fixed-effect model), less nodal involvement 

(OR=0.56, 95% CI: 0.37–0.86, P=0.007, random-effect 

model), earlier TNM stage (OR=0.62, 95% CI: 0.43–0.89, 

P=0.010, random-effect model), smaller tumor size (OR=0.54, 

95% CI: 0.36–0.81, P=0.003, fixed-effect model), better 

differentiation (OR=0.48, 95% CI: 0.36–0.64, P,0.001, 

fixed-effect model), and less recurrence (OR=0.24, 95% CI: 

0.14–0.41, P,0.001, fixed-effect model). On the contrary, 

the correlations were not statistically significant between 

Beclin-1 level and gender (OR=1.20, 95% CI: 0.69–2.07, 

Figure 1 Flowchart of the literature search.
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P=0.525, random-effect model), and age (OR=1.00, 95% CI: 

0.65–1.55, P=0.989, random-effect model). These results 

indicated that NSCLC with high expression of Beclin-1 

exhibited less aggressive clinicopathological behaviors.

correlation between Beclin-1 expression 
and Os of nsclc
Five studies investigated the association between Beclin-1 

expression and OS.17,20–23 A random-effect model was 

adopted because of significant heterogeneity among studies 

(I2=71.0%, P=0.008). As shown in Figure 3, the pooled result 

showed that high expression of Beclin-1 was significantly 

associated with better OS in NSCLC (HR=0.41, 95% CI: 

0.26–0.64, P,0.001).

sensitivity analysis
Sensitivity analysis was performed to determine the reliability 

of pooled result. The result showed that the pooled HR was 

not influenced by omitting each single study, indicating the 

consistency of the result (Figure 4).

Publication bias
The Begg’s funnel plot and Egger’s bias indicator test 

were introduced to assess the publication bias for OS. 

No publication bias was observed for OS (Begg’s test: 

P=0.327; Egger’s test: P=0.061) (Figure 5).

Discussion
Autophagy is essential for the development and prognosis of 

cancer. Current researches mainly focused on the prognos-

tic role of autophagy-related markers Beclin-1 and LC3 in 

cancer.24,25 As an essential component, Beclin-1 participates 

in the initiation and regulation of autophagy. Moreover, 

Beclin-1 is also the key part of the PI3K-III complex, which 

is composed of PI3K-III-Beclin-1-Vps15-mAtg14.26 The 

conjugation of PI3K-III and Beclin-1 stimulates the synthesis 

of PIP3 and promotes the elongation of phagopore. Besides, 

the PI3K-III-Beclin-1 complex activates the recruitment of 

other Atgs to the phagopore, which initiates the formation 

and maturation of autophagosome.27 A series of autophagy-

related components regulate autophagy by binding to the 

functional domains of Beclin-1. For example, UVRAG 

and Barkor protein promote the maturation of phagopore 

and formation of autophagosome by binding to the specific 

functional domains of Beclin-1. Bcl-2 protein interacts with 

Beclin-1 and inhibits autophagy by suppressing the formation 

of PI3K-III-Beclin-1 complex.28 The aberrant expression 

of Beclin-1 was found in various cancers; for example, the 

loss or low expression of Beclin-1 was found in esophageal 

cancer,29 gastric cancer,30 and hepatocellular carcinoma,31 

while the elevated expression of Beclin-1 was found in col-

orectal cancer,32 gallbladder cancer,33 and papillary thyroid 

carcinoma.34 The prognostic role of Beclin-1 was investigated 

Table 1 general characteristics of included studies

Study Year Country Sample 
size

Treatment Follow-up 
(months)

Method

liu et al16 2011 china 79 surgery nr rT-Pcr
Kim et al17 2012 Korea 133 surgery 32.5 ihc
Won et al18 2012 Korea 262 surgery 65.1 ihc
Karpathiou et al19 2013 greece 115 surgery 32 ihc
Zhou et al20 2013 china 216 Multiple nr ihc
Jiang et al21 2014 china 142 surgery 31 ihc
lv et al22 2015 china 108 surgery 30 ihc
Wang et al23 2015 china 104 Multiple 48.5 ihc

Abbreviations: nr, not recorded; rT-Pcr, reverse transcription polymerase chain reaction; ihc, immunohistochemistry.

Table 2 clinicopathological and prognostic characteristics of included studies

Study T grade 
(1–2/3–4)

N grade 
(0/1–3)

TNM stage 
(I–II/III–IV)

Tumor size 
(,3 cm/.3 cm)

D (W+M/P) Source 
of HR

Quality 
score

liu et al16 nr 41/38 46/33 38/41 51/28 none 7
Kim et al17 96/37 82/51 93/40 49/84 nr reported 9
Won et al18 231/31 167/95 195/67 62/200 220/42 none 8
Karpathiou et al19 nr nr 82/33 nr 32/56 none 8
Zhou et al20 160/56 116/100 138/78 nr 116/100 reported 9
Jiang et al21 nr 80/62 107/35 nr 85/57 reported 9
lv et al22 nr 55/53 86/22 nr 62/46 estimated 7
Wang et al23 nr 58/46 47/57 nr 67/37 reported 8

Abbreviations: T, tumor; n, node; TnM, tumor node metastasis; D, differentiation; W+M, well and moderate differentiation; P, poor differentiation; hr, 
hazard ratio; nr, not recorded.
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in various types of cancers, but the conclusions were inconsis-

tent. It was shown by some studies that high level of Beclin-1 

predicted a better outcome in colorectal carcinoma,35 oral 

carcinoma, and multiple myeloma,36,37 while other researchers 

showed that high level of Beclin-1 was correlated with a 

worse outcome in certain cancers such as endometrial car-

cinoma and nasopharyngeal carcinoma.38,39 Moreover, some 

researches showed that Beclin-1 was not associated with 

Figure 2 Forest plots for the relationship between Beclin-1 and gender (A), age (B), T grade (C), n grade (D), TnM stage (E), tumor size (F), tumor differentiation (G), 
and recurrence (H) of nsclc patients.
Note: Weights are from random effects analysis.
Abbreviations: T, tumor; n, node; TnM, tumor node metastasis; nsclc, non-small-cell lung cancer; Or, odds ratio.
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prognosis of cancers.33,40 Even in the same type of cancer, 

the prognostic role of Beclin-1 was divergent.41,42 Some 

researches discussed the prognostic significance of Beclin-1 

in NSCLC, but the conclusions were controversial.16,22 

So, we conducted this meta-analysis to obtain definitive 

conclusions.

As far as we know, this is the first meta-analysis that 

systematically investigates the clinicopathological and 

prognostic role of Beclin-1 in NSCLC. Our research showed 

that high expression of Beclin-1 was associated with a better 

prognosis in NSCLC. Moreover, the correlation analysis 

showed that high level of Beclin-1 was significantly cor-

related with earlier tumor grade, lower nodal involvement, 

earlier TNM stage, smaller tumor size, better differentiation, 

and less recurrence.

The TNM system has made great contributions to therapy 

strategy selection and prognosis prediction of NSCLC. 

However, the great variation in prognosis within the same 

TNM stage indicates that TNM system alone is far from 

satisfying the clinical requirement. A possible explanation is 

that TNM system estimates NSCLC based on anatomic infor-

mation only, which ignores the biological and physiological 

information of NSCLC. However, the physiological status 

is essential for the development and metastasis of NSCLC. 

It is necessary to identify biomarkers that are associated 

with the biological characteristics to combine with TNM 

system for prognosis prediction. As one of the most impor-

tant biomarkers, Beclin-1 is closely related to the activity of 

autophagy in NSCLC. Our research showed that high level 

of Beclin-1 was associated with earlier tumor grade, less 

nodal involvement, earlier TNM stage, smaller tumor size, 

better differentiation, and less recurrence. This suggested that 

Beclin-1 level was negatively correlated with progression and 

metastasis of NSCLC. This conclusion was consistent with 

Table 3 correlation analyses on Beclin-1 and clinicopathological characteristics

Clinicopathological 
features

Studies Patients OR (95% CI) P-value Heterogeneity
I2 (%) P-value

gender (male vs female) 816–23 1,159 1.20 (0.69, 2.07) 0.525 68.6 0.002
age (old vs young) 616–18,20,21,23 936 1.00 (0.65, 1.55) 0.989 59.6 0.030
T grade (T3–4 vs T1–2) 317,18,20 611 0.54 (0.36, 0.81) 0.003 15.5 0.306
n grade (n1–3 vs n0) 716–18,20–23 1,044 0.56 (0.37, 0.86) 0.007 56.2 0.033
TnM (iii–iV vs i–ii) 816–23 1,159 0.62 (0.43, 0.89) 0.010 42.1 0.098
size (.3 cm vs ,3 cm) 316–18 474 0.54 (0.36, 0.81) 0.003 49.3 0.139
D (P vs W+M) 716,18–23 999 0.48 (0.36, 0.64) 0.000 0.0 0.447
recurrence (yes vs no) 220,22 324 0.24 (0.14, 0.41) 0.000 0.0 0.931

Abbreviations: Or, odds ratio; D, differentiation; P, poor differentiation; W+M, well and moderate differentiation.

Figure 3 Forest plot for the association between Beclin-1 and Os of nsclc patients.
Note: Weights are from random effects analysis.
Abbreviations: Os, overall survival; nsclc, non-small-cell lung cancer; hr, hazard ratio.
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Figure 4 sensitivity analysis of studies assessing Os.
Abbreviation: Os, overall survival.

previous researches in vitro, which showed that overexpres-

sion of Beclin-1 inhibited the proliferation and invasion of 

A549 human lung adenocarcinoma cells, while knockdown 

of Beclin-1 promoted the proliferation of A549 cells.43,44 

Another meta-analysis investigated the clinicopathological 

significance of Beclin-1 in gastric cancer, and reached similar 

conclusions. In that meta-analysis, high level of Beclin-1 

was associated with better differentiation and earlier TNM 

stage, but the level of Beclin-1 was not associated with lymph 

nodal involvement.45 The above results indicated that there 

was a reliable correlation between Beclin-1 expression and 

clinicopathological characteristics of cancer.

Five studies reported the correlation between Beclin-1 

level and OS in NSCLC, and the pooled HR value was 0.41 

(95% CI: 0.26–0.64, P,0.001).17,20–23 This result indicated 

that high level of Beclin-1 predicted a significantly better 

OS, and Beclin-1 was a promising prognostic biomarker in 

Figure 5 Begg’s funnel plot (A) and egger’s bias indicator test (B) for publication bias of Beclin-1 and Os.
Abbreviations: Os, overall survival; hr, hazard ratio; se, standard error.

NSCLC. However, the prognostic significances of Beclin-1 

in other cancers were inconsistent. A meta-analysis inves-

tigated the correlation between Beclin-1 and prognoses of 

gastric cancer, colorectal cancer, lymphoma, breast cancer, 

and lung cancer. The high level of Beclin-1 predicted a bet-

ter OS in gastric cancer, lymphoma, breast cancer, and lung 

cancer, while Beclin-1 was not correlated with OS of col-

orectal cancer.46 Meanwhile, another meta-analysis explored 

the prognostic role of Beclin-1 in colorectal cancer, and the 

result showed that high level of Beclin-1 predicted a worse 

OS in colorectal cancer.47 The divergence between the two 

meta-analyses might be due to different inclusion criteria and 

different statistical indicators. In He et al’s meta-analysis,46 

HR was adopted to investigate the prognostic role of Beclin-1, 

while in Han’s meta-analysis,47 relative risk was employed.

Although obvious heterogeneity was observed for OS 

(I2=71.0%, P=0.008), it was inappropriate to perform subgroup 

analyses due to the lack of included studies. The sensitivity 

analysis was conducted to determine the reliability of the pooled 

result. The combined HR was not influenced by omitting each 

single study, demonstrating the consistency of the result.

Limitations
There were some limitations that should not be ignored. 

First, the number of included studies and total sample size 

were limited. The subgroup analysis could be performed only 

if more studies were included. Second, the language was 

restricted to English, which might have excluded potentially 

eligible studies that were written in other languages. How-

ever, we tried to review the abstracts of the English versions 

of these studies, and confirmed that these studies were 

not qualified for our research. Third, there was no unified 
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cut-off criterion for Beclin-1 to distinguish patients with 

high expression from patients with low expression. If there 

was a unified criterion, the heterogeneity among studies 

could be eliminated. Finally, there were no sufficient data 

to extract HR for disease-free survival (DFS). Although we 

extracted the information for recurrence rate, and estimated 

the correlation between Beclin-1 level and recurrence, the 

conclusion might be better if the combined HR for DFS 

could be calculated.

Conclusion
This meta-analysis showed that high Beclin-1 expres-

sion was correlated with earlier tumor grade, less nodal 

involvement, earlier TNM stage, smaller tumor size, better 

differentiation, and less recurrence of NSCLC. Moreover, 

high Beclin-1 expression predicted a better OS in NSCLC. 

Beclin-1 might act as a promising prognostic biomarker that 

can be used to improve decision making in the treatment 

of NSCLC.
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