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Abstract: Backgrounds: Non-small cell lung cancer (NSCLC) is one of the most common malignancies with a high 
mortality level. Recently, a variety of studies explored the role of osteopontin (OPN) expression in the prognosis of 
NSCLC, but the results were controversial. Methods: We performed a meta-analysis of eligible studies to evaluate 
the prognostic significance of OPN expression in NSCLC patients. In order to assess the association between OPN 
and OS and DFS/PFS, hazard ratio (HR) with 95% confidence interval (CI) was calculated. Results: A total of ten 
studies comprising 1420 patients were included in the meta-analysis. The summary results indicated that high OPN 
expression was a poor predictor for OS (HR = 2.19, 95% CI: 1.6-2.98), and DFS/PFS (HR = 2, 95%CI: 1.66-2.41). 
Subgroup analysis revealed that high OPN expression was a negative prognostic marker for OS and DFS/PFS regard-
less of ethnicity background, treatment and OPN detection method. Conclusion: Our results showed that increased 
OPN expression significantly correlated with poor OS and DPS/PFS in NSCLC patients.
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Introduction

Lung cancer is one of the most common malig-
nancies and the leading cause of cancer-relat-
ed death in the world [1]. Non-small cell lung 
cancer (NSCLC) constitutes 85% of all lung  
cancer cases [2]. In spite of multiple treatment 
methods including surgery, chemotherapy, 
radiotherapy and targeted therapy have been 
applied in NSCLC therapies over the past few 
decades, the prognosis of NSCLC remains  
dismal with the 5-year survival rate of <15% 
after the initial diagnosis [3]. The conventional 
predictive factors such as TNM stage, age, sex, 
and histological type have limited prognostic 
values [4]. Therefore, it is necessary to exploit 
novel prognostic markers which could accu-
rately predict the outcome so as to guide  
the clinical management of NSCLC patients. 

Osteopontin (OPN) is a secreted phosphoglyco-
protein that was originally isolated from bone. 

OPN is critical to control osteoclast differentia-
tion, biomineralization and bone resorption [5]. 
Recently, accumulating evidence has showed 
that OPN is a key player in different pathological 
processes of tumor development and an- 
giogenesis through modulation of expression  
of genes involved in invasion, migration, prolif-
eration and vascularization [6, 7]. A variety of 
studies have explored the association between 
OPN expression and the clinical outcome and 
prognosis of NSCLC patients, but the results 
emerged controversial [8-12]. Therefore, it  
is necessary to perform a meta-analysis to  
comprehensively and systematically clarify  
the prognostic significance of OPN in NSCLC 
patients. In the present study, we pooled results 
from the available data and made an evaluation 
of the prognostic significance of elevated 
serum-and tissue-based OPN levels for overall 
survival (OS) and disease-free survival (DFS)/
progression-free survival (PFS) in NSCLC 
patients. 

http://www.ijcem.com
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Materials and methods

Literature search

A comprehensive literature search was con-
ducted in the databases of PubMed, EMBASE 
and Web of Science (last search updated to 
May 2015). The search strategy was based on 
the combinations of the following keywords: 
“Osteopontin”, “OPN”, “non-small cell lung can-
cer”, “NSCLC”, “lung cancer”, “lung neoplasm”, 
“prognosis”, “prognostic” and “survival”. Only 
papers published in English language were 
retrieved. All eligible studies were retrieved, 
and their bibliographies were manually checked 
for other potentially relevant publications. 

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) OPN 
expression was measured by reverse trans- 
cription-polymerase chain reaction (RT-PCR), 
immunohistochemistry (IHC) or enzyme linked 
immunosorbent assay (ELISA); (2) pathologi-
cally or histologically confirmed non-small cell 
lung cancer; (3) to evaluate the correlation 
between OPN expression and OS, DFS/PFS or 
to provided sufficient data to estimate hazard 
ratio (HR) and their 95% confidence intervals 

number of patients, follow-up, disease stage, 
treatment, detection method, cut-off value and 
survival analysis. Controversial problems were 
resolved through consensus with the third 
investigator (KF). Quality assessment was in- 
dependently performed in each of the included 
studies by two reviewers (YL and TT) using the 
Newcastle-Ottawa Quality Assessment Scale 
(NOS) [13]. NOS scores of ≥6 were assigned  
as high-quality studies. Disagreements were 
resolved by discussion.

Statistical analysis

The impact of OPN expression on survival (OS, 
DFS/ PFS) was measured by the combined HRs 
and their 95% CIs extracted from each eligible 
study. The HR and its 95% CI in each eligible 
study was directly extracted from report, or 
indirectly estimated by methods described by 
Parmer et al [14]. Cochran’s Q test and Higgins 
I-squared statistic were used to evaluate the 
heterogeneity of pooled results. I²>50% is con-
sidered as a measure of severe heterogeneity. 
If P≥0.10 in the Q test or I²<50%, the  
fixed-effect model (Mantel-Haenszel method)  
was used. Otherwise, random effect model 
(DerSimonian-Laird method) was conducted. 
Subgroup analysis by different analytical fac-
tors was performed in the analysis of OS and 

Figure 1. Flow diagram of studies selection procedure.

(CIs); (4) have a maximum 
follow-up time exceeding 3 
years; (5) articles with full 
texts published in English. 
The studies were excluded 
based on the following cri-
teria: (1) studies had dupli-
cate data or repeat analy-
sis; (2) meeting abstracts, 
letters, case reports, revi- 
ews; (3) studies in which 
necessary data were not 
provided; (4) published in 
non-English; (5) animal 
studies.

Data extraction and quality 
assessment 

Eligible studies were revi- 
ewed by two investigators 
(XG and QL) and the foll- 
owing data was extracted: 
the author’s name, year of 
publication, ethnicity, and 
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Table 1. Main characteristics of all studies included in the meta-analysis
Study Year Ethnicity No. of patients Follow-up (months) Stage Treatment Method Cut-off value Survival analysis NOS score
Schneider 2004 Caucasian 82 63-105 I Surgery RT-PCR 4.1 OS 9
Donati 2005 Caucasian 163 72-137 I-IIIA Surgery IHC 20% OS/PFS 7
Mack 2008 Caucasian 156 3-80 IIIB-IV Chemotherapy ELISA Median OS/PFS 6
Isa 2009 Asian 67 2-46 IIIB-IV Chemotherapy ELISA Median OS/PFS 6
Oberije 2010 Caucasian 158 1-71 I-IIIB Radiotherapy ELISA Median OS 7
Rud 2013 Caucasian 244 1-60 I-III Surgery IHC Score 2 OS/PFS 8
Sun 2013 Asian 159 2-120 I-III Surgery IHC 20% OS/PFS 9
Takenaka 2013 Asian 244 48 (median) I-III Surgery ELISA ROC curve OS 7
Ostheimer 2014 Caucasian 55 37 (median) I-III Radiotherapy ELISA Median OS 7
Zhang 2014 Asian 92 2-50 III-IV Chemotherapy IHC Score 1 OS/PFS 6
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DFS/PFS. Publication bias was evaluated using 
Begg’s funnel plot and the Egger’s linear regres-
sion test. Sensitivity analysis was also conduct-
ed by sequential omission of each study to 
evaluate stability of the results. All statistical 
tests were two-sided and the significance level 
was set at 5%. Analyses on main results were 
performed by using STATA 12.0 software (Stata 
Corporation, College Station, TX).

Results

Study selection and characteristics

Based on the search strategies given above, a 
total of 223 articles were found (Figure 1). After 
reviewing the titles and abstracts, 203 articles 
were excluded because they obviously did not 
meet our selection criteria. The remaining 20 
articles were further checked by screening the 
full texts. 10 studies were excluded for the  
following reasons: insufficient data (n = 5), with-
out outcome of interest (n = 3), data overlap-
ping (n = 2). Finally, a total of 10 studies [12, 
15-23] including 1420 patients were qualified 
for our analysis. The NOS scores of the 10 stud-
ies ranged from 6 to 9.

All the 10 studies investigated the impact of 
OPN expression on OS, and 6 of them [12, 16, 
17, 19, 20, 23] assessed the impact of OPN 
expression on DFS/ PFS. Among these 10  
studies, five studies used ELISA, four used IHC 
and one used RT-PCR to detect serum-and  
tissue-based OPN expression. 6 studies evalu-
ated patients in Caucasian, 4 studies evaluat-
ed patients in Asian. Six of these cohorts 
enrolled >100 patients and 4 cohorts had 
<100 patients. The main characteristics of 
included studies are summarized in Table 1.

OPN and OS in NSCLC

All the 10 studies reported the relationship 
between OPN and OS in NSCLC. Our analysis 
suggested that increased OPN expression was 
significantly associated with poor OS with a 
pooled HR estimate of 2.19 (95% CI: 1.6-2.98, 
P<0.001; Figure 2), though with heterogeneity 
(I² = 72.9%, Phet<0.001). Subgroup analysis by 
ethnicity suggested that both Caucasian and 
Asian patients with increased OPN had a signifi-
cant impact on OS (Caucasian: HR = 1.71, 95% 
CI = 1.42-2.05, P<0.001, I² = 0%, Phet = 0.829; 
Asian: HR = 3.25, 95% CI = 1.51-6.98, P = 
0.003, I² = 72.9%, Phet<0.001). When grouped 

Figure 2. Forrest plot of HR for the association of OPN expression with OS in patients with NSCLC.
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Table 2. Main meta-analysis results

Analysis No. of studies No. of patients Model HR (95% CI) P
Heterogeneity Publication bias 

Ieteroge Phet Begg’s P Egger’s P
OS 10 1420 Random 2.19 (1.6-2.98) <0.001 72.9 <0.001 0.281 0.181
Subgroup 1: ethnicity
    Caucasian 6 858 Fixed 1.71 (1.42-2.05) <0.001 0 0.829 0.573 0.682
    Asian 4 562 Random 3.25 (1.51-6.98) 0.003 72.9 <0.001 0.174 0.023
Subgroup 2: stage
    Early stage 7 1105 Fixed 1.87 (1.54-2.26) <0.001 0 0.632 0.881 0.509
    Advanced stage 3 315 Random 3.17 (1.08-9.34) 0.036 92.7 <0.001 0.117 0.424
Subgroup 3: treatment
    Surgery 5 892 Fixed 1.97 (1.54-2.15) <0.001 0 0.493 0.327 0.77
    Chemotherapy 3 315 Random 3.17 (1.08-9.34) 0.036 92.7 <0.001 0.117 0.424
    Radiotherapy 2 213 Fixed 1.73 (1.27-2.35) <0.001 0 0.477 0.317 -
Subgroup 4: sample size
    >100 6 1124 Fixed 1.77 (1.48-2.12) <0.001 0 0.551 0.851 0.689
    ≤100 4 296 Random 3.14 (1.33-7.41) 0.009 86.2 <0.001 0.174 0.544
Subgroup 5: method
    RT-PCR 1 82 - 2.18 (1.17-4.05) 0.014 - - - -
    IHC 4 658 Random 2.81 (1.18-6.66) 0.019 89.1 <0.001 1 0.583
    ELISA 5 680 Fixed 1.77 (1.45-2.15) <0.001 0 0.845 0.142 0.072
    DFS/PFS 6 881 Fixed 2 (1.66-2.41) <0.001 39.8 0.14 0.452 0.163
Subgroup 1: ethnicity
    Caucasian 3 563 Fixed 1.64 (1.29-2.08) <0.001 0 0.534 0.602 0.505
    Asian 3 318 Fixed 2.7 (2.01-3.63) <0.001 0 0.819 0.602 0.706
Subgroup 2: treatment
    Surgery 3 566 Fixed 2.14 (1.58-2.9) <0.001 0 0.545 0.602 0.817
    Chemotherapy 3 315 Random 2.11 (1.33-3.35) 0.002 70.5 0.034 0.602 0.228
Subgroup 3: method
    IHC 4 658 Fixed 2.35 (1.82-3.04) <0.001 0 0.473 1 0.865
    ELISA 2 223 Random 1.78 (1.1-2.87) 0.018 61 0.11 0.317 -
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according to tumor stage of patients, both 
patients of early stage and advanced stage 
suggested the significant results (early stage: 
HR = 1.87, 95% CI = 1.54-2.26, P<0.001, I² = 
0%, Phet = 0.632; advanced stage: HR = 3.17, 
95% CI = 1.08-9.34, P = 0.036, I² = 92.7%, 
Phet<0.001). Further subgroup analysis also 
indicated that high OPN expression remained 
to be a worse prognostic marker regardless of 
sample size, treatment and OPN detection 
method (Table 2).

OPN and DFS/PFS in NSCLC

Six studies including 881 patients investigated 
the association between OPN expression and 
DFS/PFS in NSCLC [12, 16, 17, 19, 20, 23].Two 
studies evaluated DFS [12, 20] and the rema- 
ining four studies evaluated PFS. Our analysis 
suggested that high OPN expression signifi-
cantly associated with unfavorable DFS/PFS 
(HR = 2.95% CI = 1.66-2.41, P<0.001) without 
significant heterogeneity in the data (I² = 
39.8%, Phet = 0.14). (Figure 3; Table 2).

Heterogeneity

Meta-regression was conducted by using vari-
ables as ethnicity, sample size, tumor stage, 

treatment and OPN detection method for OS 
analysis. The results showed that ethnicity (P = 
0.439), sample size (P = 0.176), tumor stage (P 
= 0.298), treatment (P = 0.86) and OPN detec-
tion method (P = 0.387) did not contribute to 
the source of heterogeneity. Then we conduct-
ed sensitivity analysis, the result showed that 
the pooled HRs were significantly influenced by 
omitting Zhang’s study [23]. However, after 
omitting Zhang’s study, the correlation between 
high OPN expression and poor OS in NSCLC 
patients remained significant (HR = 1.81, 95% 
CI = 1.55-2.12, P<0.001) and without hetero-
geneity (I² = 0%, Phet = 0.792). 

Publication bias

To assess the publication bias of studies, 
Begg’s funnel plot and Egger’s test were per-
formed. As showed in Table 2, no publication 
bias was detected in all comparisons. The fun-
nel plot in the comparison of OS in patients 
with NSCLC was shown in Figure 4. 

Discussion

The advanced tumor grade, metastasis, and 
elevated levels of serum biomarkers are often 

Figure 3. Forrest plot of HR for the association of OPN expression with DFS/PFS in patients with NSCLC.
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associated with poor prognosis of NSCLC 
patients [24]. However, the prognostic efficien-
cy of traditional tumor markers is inadequate 
due to lack of accuracy. From the clinical view, 
therefore, it is of great significance to identify 
the most useful biomarkers predicting patient 
outcome so as to help guide decision-making 
with regard to NSCLC treatment. Recently, OPN 
was reported as one candidate marker for the 
prognosis of NSCLC [12, 25, 26]. However, the 
results were inconsistent and the available 
data regarding the impact of OPN on OS, DFS/
PFS have not been analyzed comprehensively 
till now. Consequently, we carried out a meta-
analysis to investigate the correlation of OPN 
expression in patients with NSCLC.

Our results suggested that increased OPN 
expression was associated with poor OS and 
DFS/PFS in patients with NSCLC. Subgroup 
analysis showed that the prognostic efficiency 
of high OPN expression for poor OS in NSCLC 
was not influenced by ethnicity background, 
sample size, tumor stage, and treatment or 
OPN detection method. OPN expression was 
also a significant predictive factor for worse 
DFS/PFS regardless of ethnicity, treatment and 
OPN detection method. To investigate the 
source of heterogeneity, meta-regression was 
utilized. However, none of the variables listed 
above contributed to the heterogeneity. Sen- 
sitivity analysis indicated that Zhang’s study 
[23] lead to heterogeneity for the analysis of 
OPN and OS when the data was pooled. After 

produced by multiple tissues and is most abun-
dant in bone [5]. OPN plays pivotal roles in 
tumor progression and metastasis. OPN can 
activate expression of genes and functions that 
contributeto metastasis of tumor, thus confer-
ring it increased aggressiveness [27]. OPN 
could also prevent apoptosis by activating the 
Akt pathway under experimental conditions 
[28]. OPN can mediate the motility of tumor 
cells through the interaction and involvement 
of numerous integrins [29]. Furthermore, OPN 
has also been reported to facilitate tumor neo-
vascularization and progression [30]. These 
may account for the poor prognosis of NSCLC 
patients with high OPN expression. 

Notably, a recent meta-analysis conducted by 
Zhang et al. [31] explored prognostic value of 
OPN expression in NSCLC. However, their study 
merely investigated the association between 
osteopontin expression and clinicopathological 
features such as tumor stage, lymph node 
metastasis, tumor size and pathological types 
in NSCLC. Their report had no consideration of 
survival rates in NSCLC patients when stratified 
by OPN expression. Nevertheless, survival 
rates are the most valuable parameters for 
cancer patients. Therefore, our results may 
have more reference value for clinical practice.

However, some limitations need to be interpret-
ed cautiously for further consideration in this 
meta-analysis. First, significant heterogeneity 
among the groups was observed when OPN 

Figure 4. The funnel plot of the meta-analysis of the impact of OPN expression 
on OS in patients with NSCLC.

omitting Zhang’s study, het-
erogeneity disappeared 
and the main results did 
not change substantially, 
which demonstrated the 
intrinsically prognostic va- 
lue of OPN in NSCLC. In 
addition, there was no sig-
nificant publication bias in 
our analysis. 

Accumulating evidence sh- 
owed the connection be- 
tween OPN and cancer and 
mechanistic studies have 
presented solid evidence to 
support the biological and 
prognostic importance OPN 
overexpression in cancer 
progression. OPN is a ma-
tricellular protein which is 
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and OS analysis. Though the heterogeneity 
could be removed by exclusion of Zhang’s 
study. Second, studies performed with positive 
results are easier to be published than studies 
with negative results, suggesting potential pub-
lication bias. Third, we did not investigate the 
correlations between OPN expression and clini-
cal features such as tumor stage and metasta-
sis, because limited primary studies provided 
the corresponding data in our analysis. Fourth, 
studies in other languages than English were 
excluded, which may result in language bias in 
our meta-analysis. Fifth, the detection of OPN 
expression by different methods (IHC, RT-PCR 
and ELISA) in the primary studies may lead to 
bias. Further investigations are needed to in 
determine whether these factors could influ-
ence the results of the meta-analysis.

In summary, this meta-analysis revealed that 
increased OPN expression was significantly 
associated with poor OS and DPS/PFS in 
NSCLC. OPN could serve as a biomarker for 
prognosis of NSCLC patients, which should be 
validated by performing more studies in the 
future. 
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