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Background: Nanog has been found to be overexpressed in various cancers. However, the

association between Nanog expression and prognosis or clinicopathological features is still

controversial. Therefore, this meta-analysis was conducted to identify whether Nanog

expression was associated with prognosis or clinicopathological characteristics in non-

small cell lung cancer (NSCLC).

Methods: We searched Embase, PubMed, Web of Science, the Cochrane Library, the

Chinese National Knowledge Infrastructure database (CNKI), and the Wanfang database

for articles. Pooled hazard ratios (HR), odds ratios (OR), and corresponding 95% confidence

intervals (CI) were utilized to evaluate the relationship between Nanog expression and

prognosis or clinicopathological characteristics in NSCLC.

Results: The results showed that high expression of Nanog was significantly associated with

poor overall survival (OS) (HR=1.95, 95% CI: 1.38–2.75, P=0.000). Additionally, high

Nanog expression was significantly correlated with tumor differentiation (OR=3.18, 95%

CI: 1.69–5.98, P=0.000) and TNM stage (OR=1.78, 95% CI: 1.28–2.47, P=0.001). However,

no significant relationship was observed between Nanog expression and other clinicopatho-

logical features, including gender (OR=0.95, 95% CI: 0.69–1.33, P=0.783), age (OR=0.78,

95% CI: 0.57–1.07, P=0.119), tumor size (OR=0.87, 95% CI: 0.26–2.95, P=0.824), and

lymph node metastasis (OR=1.29, 95% CI: 0.94–1.77, P=0.121).

Conclusion: High Nanog expression was associated with poor prognosis in patients with

NSCLC, and Nanog may serve as a prognostic predictor in NSCLC.
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Background
Lung cancer is the leading cause of cancer incidence and mortality worldwide.

According to the guidelines of GLOBOCAN 2018, there will be an esti-

mated 2.1 million new lung cancer cases and 1.8 million cancer deaths in

2018.1 Lung cancer can be divided into two major pathological subgroups:

small cell lung cancer and non-small cell lung cancer (NSCLC). NSCLC

accounts for 80~85% of all lung cancer cases, and contains three major

histologic subtypes: adenocarcinoma, squamous cell carcinoma, and large-cell

carcinoma.2 Although great advances have been made in the diagnosis of and

treatment for NSCLC, the clinical outcomes still remain poor. Therefore, it is

urgent that a specific therapeutic target and prognostic biomarker for NSCLC

is discovered.
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Nanog is a homeobox domain transcription factor,

and is a key regulator in embryonic development and

cellular reprogramming.3 Nanog belongs to the NK-2

gene of the ANTP superfamily, in which the NK-2

gene is primarily expressed in the inner cell mass of

blastocysts.4 Many studies have shown that Nanog is

overexpressed in various cancers, including gastric

cancer,5 breast cancer,6 ovarian cancer,7 liver cancer,8

and lung cancer.9 Li et al10 found that increased Nanog

expression was related to poor overall survival (OS) and

differentiation of NSCLC. However, Gialmanidis et al11

reported that high Nanog expression had no association

with differentiation, lymph node metastasis, and tumor

clinical stage in NSCLC. Park et al12 found that Nanog

expression was not related to prognosis in lung squa-

mous cell carcinoma. Therefore, the association between

Nanog expression and prognosis and clinicopathological

features remains controversial. We conducted this meta-

analysis to evaluate whether the expression of Nanog is

related to prognosis and clinicopathological features in

NSCLC patients.

Material and methods
Literature search strategy
This meta-analysis was conducted in compliance with the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) statement.13 Embase, PubMed,

Web of Science, the Cochrane Library database, the

Chinese National Knowledge Infrastructure database

(CNKI), and the Wanfang database were utilized for this

meta-analysis. The keywords searched in the database

were “Nanog or NANOG” and “lung cancer or lung neo-

plasm or lung carcinoma or lung tumor or pulmonary

cancer.” The search period ended on January 3, 2019.

Titles and abstracts were assessed to identify the relevant

literature, and then full texts were read.

Inclusion and exclusion criteria
Inclusion criteria for articles were as follows: (1) studies

included were case-control studies (divided into either

Nanog-positive and -negative groups or high and low

Nanog expression groups) that evaluated the relationship

between Nanog expression and prognosis or clinicopatho-

logical features in NSCLC; (2) sufficient data was pro-

vided for calculating HR, OR, and its corresponding 95%

CI; (3) the number of NSCLC patients was greater than or

equal to 30; (4) the expression of Nanog in NSCLC

patients was detected by immunohistochemistry (IHC);

(5) the full text was published in English or Chinese.

Exclusion criteria for the articles were as follows: (1)

letters, reviews, conference abstracts, case reports, and

expert opinions; (2) duplicate publications; (3) studies

without available data.

Data extraction and quality assessment
All publications were screened independently by two

reviewers (Guichuan Huang and Jing Zhang). The following

information was extracted from eligible studies: the name of

the primary author, year of publication, country, language,

the number of patients, detection method, patient clinico-

pathological features, HR, and 95% CI. The HR and corre-

sponding 95% CI were directly or indirectly extracted from

eligible studies according to the research of Tierney et al14. If

both a multivariate analysis and univariate analysis were

provided in the study, the data with multivariate analysis

was adopted. If only Kaplan-Meier curves were provided,

survival data was extracted using Engauge Digitizer software

(Version 4.1). The quality of each study was evaluated with

the use of the Newcastle-Ottawa Scale (NOS). Studies with

a NOS score ≥6 was considered to be of high quality. Any

disagreements were resolved via discussion.

Statistical analysis
This meta-analysis was performed using Stata SE 12.0

software. For the data on overall survival, HR and its

corresponding 95% CI were applied to evaluate the

strength of the relationship between Nanog expression

and clinical prognosis in NSCLC patients. Pooled OR

and corresponding 95% CI were used for clinicopatholo-

gical parameters. The chi-squared test and I2 were used to

evaluate the heterogeneity among the studies. A fixed-

effect model was utilized if there was no obvious hetero-

geneity (I2≤50% or P≥0.05). On the contrary, if I2≥50% or

P≤0.05, a random-effect model was applied.

The publication bias was assessed with the use of

Begg’s test and Egger’s test. A sensitivity analysis was

also conducted to evaluate the stability of results. P≤0.05
was considered statistically significant.

Results
Literature search and selection
The literature selection process is demonstrated in Figure 1.

We identified 776 articles from Embase, PubMed, Web of

Science, the Cochrane Library, CNKI, and the Wanfang
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database. After the removal of duplicates, 532 potentially

related articles remained. After 502 articles were excluded

by screening their titles and abstracts, 30 articles remained

for further full-text analysis. Finally, a total of 10 eligible

studies that included 11 data sets with 1492 patients were

included to conduct this meta-analysis.10–12,15–21

Characteristics of included studies
The characteristics of the included studies are listed in

Table 1. These studies were published between 2010 and

2017. Of the 10 studies, 6 studies were conducted in

China, 1 in Greece, 1 in Japan, and 2 in Korea. A total

of 6 studies were published in English, and 4 studies were

published in Chinese. The expression of Nanog was

detected by IHC in all studies. The NOS scores of all

included studies were greater than or equal to 6, which

implied that the studies were all of high quality.

Association between nanog expression

and OS
A total of 5 articles that included 6 data sets with 963

patients reported the information on OS. As shown in

Figure 2, a random-effect model was used for the pooled

HR and 95% CI due to heterogeneity (P=0.034,

I2=58.5%). The analysis indicated that high Nanog expres-

sion was related to poor OS in NSCLC patients (HR=1.95,

95% CI: 1.38–2.75, P<0.01). Furthermore, subgroup ana-

lyses were conducted according to publication year, sam-

ple size, and ethnicity to examine the sources of

heterogeneity. As shown in Table 2, Nanog expression

was associated with poor OS in the subgroup based on

publication year, but heterogeneity was also found in these

two subgroups. In the analysis stratified by sample size,

Nanog expression was found to be significantly related to

poor OS, and no heterogeneity was found in the subgroup

with sample size ≤140 (P=0.000, HR=2.64, 95% CI:

1.94–3.60, I2=0%). Interestingly, no association between

Nanog expression and OS was found in the subgroup with

sample size >140 (P=0.125, HR=1.46, 95% CI: 0.90–2.37,

I2=55.3%). Likewise, there was no association between

Nanog expression and OS in the subgroup of Korean

ethnicity (P=0.237, HR=1.61, 95% CI: 0.73–3.55,

I2=78.9%). We then conducted a sensitivity analysis to

ascertain the probable source of heterogeneity. We found

that the heterogeneity significantly dropped (I2=37.7%,

Records identified through database
searching PubMed (n=97),

embase (m=212), web of science (n=240)
cochrane library (n=3), CNKI (n=37),

wan fang (n=187) (n=776)

Records after duplicates removed
(n=532)

Records screened
(n=532)

Records excluded by screening
title and abstract (n=502)

20 full-text articles were
excluded:

6 for detection not IHC
2 for lung cancer (involving
small cell lung caner)

5 for duplicated study

7 for no eligible
clinicopathological data

Full-text articles assessed for
eligibility (n=30)

Articles included in
meta-analysis (n=10)

Studies included in present
meta-analysis (n=11)

Figure 1 Flow chart of literature search and selection.

Abbreviations: CNKI, China National Knowledge Infrastructure; IHC, immunohistochemistry.
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P=0.170) without a change in pooled outcome (HR=2.09,

95% CI: 1.60–2.74) after excluding the Park study12 con-

ducted on lung squamous cell carcinoma.

Association between nanog expression

and clinicopathological features
The meta-analysis was performed to evaluate the association

between Nanog expression and clinicopathological character-

istics of NSCLC. As shown in both Figure 3 and Table 3, high

Nanog expression was related to differentiation (P=0.000,

OR=3.18, 95% CI: 1.69–5.98, I2=62.5%) and TNM stage

(P=0.001, OR=1.78, 95% CI: 1.28–2.47, I2=49.0%).

However, no significant relationship was observed between

Nanog expression and other clinicopathological features,

including gender (P=0.783, OR=0.95, 95% CI: 0.69–1.33,

I2=0.0%), age (P=0.119, OR=0.78, 95% CI: 0.57–1.07,

I2=0.0%), tumor size (P=0.824, OR=0.87, 95% CI:

0.26–2.95, I2=71.9%), and lymph node metastasis (P=0.121,

OR=1.29, 95% CI: 0.94–1.77, I2=49.4%). Due to significant

heterogeneity in tumor differentiation, the subgroup analysis

of tumor differentiation was subsequently conducted via

publication year, sample size, and ethnicity. As shown in

Table 4, there was a significant relationship in the subgroup

analysis of sample size between high Nanog expression and

tumor differentiation in the large group (n>140) (OR=5.08,

95% CI: 2.21–11.69, P=0.000), but not in the small group

(n≤140) (OR=1.93, 95% CI: 0.84–4.45, P=0.122). In the

Figure 2 Forest plot for the association between Nanog expression and OS.

Abbreviation: OS, overall survival.

Table 2 Results of subgroup analysis of overall survival by publication year, sample size and ethnicity

Subgroup analysis No. of studies No. of patients P-value HR (95% CI) Heterogeneity

I2 (%) P-value

Total 6 963 0.000 1.95 (1.38–2.75) 58.5 0.034

Publication year

≤2013 2 427 0.008 2.05 (1.20–3.52) 50.5 0.155

>2013 4 536 0.040 1.77 (1.03–3.06) 69.0 0.022

Sample size

≤140 3 286 0.000 2.64 (1.94–3.60) 0.0 0.399

>140 3 677 0.125 1.46 (0.90–2.37) 55.3 0.107

Ethnicity

Chinese 3 483 0.000 1.86 (1.43–2.41) 1.1 0.364

Korean 3 480 0.237 1.61 (0.73–3.55) 78.9 0.009
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subgroup analysis of ethnicity, high Nanog expression was

associated with tumor differentiation for Chinese patients

(OR=5.50, 95% CI: 2.53–11.92, P=0.000), but not for

Korean or Greek patients. Although subgroup analyses of

tumor differentiation were conducted by publication year,

sample size, and ethnicity, there still existed heterogeneity in

Figure 3 Forest plot for the association between Nanog expression and clinicopathological characteristics, including (A) gender, (B) age, (C) tumor size, (D) tumor

differentiation, (E) lymph node metastasis, and (F) TNM stage.

Table 3 The association between Nanog expression and clinicopathological features

Clinicopathological features No. of studies No. of patients P-value OR (95% CI) Heterogeneity Model

I2 (%) P-value

Gender 6 819 0.783 0.95 (0.69–1.33) 0.0 0.534 Fixed

Age 6 819 0.119 0.78 (0.57–1.07) 0.0 0.714 Fixed

Tumor size 3 418 0.824 0.87 (0.26–2.95) 71.9 0.029 Random

Differentiation 7 1069 0.000 3.18 (1.69–5.98) 62.5 0.014 Random

LNM 8 1009 0.121 1.29 (0.94–1.77) 49.4 0.054 Fixed

TNM stage 5 943 0.001 1.78 (1.28–2.47) 49.0 0.098 Fixed

Abbreviation: LNM, lymph node metastasis.

Table 4 Results of subgroup analysis of tumor differentiation by publication year, sample size and ethnicity

Subgroup analysis No. of studies No. of patients P-value OR (95% CI) Heterogeneity

I2 (%) P-value

Total 7 1069 0.000 3.18 (1.69–5.98) 62.5 0.014

Publication year

≤2013 4 681 0.013 3.79 (1.32–10.83) 70.7 0.017

>2013 3 388 0.021 2.47 (1.15–5.32) 42.9 0.173

Sample size

≤140 4 348 0.122 1.93 (0.84–4.45) 43.4 0.151

>140 3 721 0.000 5.08 (2.21–11.69) 64.5 0.060

Ethnicity

Chinese 4 651 0.000 5.50 (2.53–11.92) 44.9 0.142

Korean + Greek 3 418 0.214 1.69 (0.74–3.86) 53.1 0.118
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every subgroup. The heterogeneity of Nanog expression and

tumor differentiation, therefore, was not likely caused by

publication year, sample size, or ethnicity. Because only

three studies reported tumor size information, neither the sub-

group analysis nor sensitivity analysis of tumor size were

performed.

Publication bias and sensitivity analysis
We evaluated the publication bias in this meta-analysis via

Begg’s test and Egger’s test. As shown in Table 5, there

was no potential publication bias for OS, gender, age,

tumor size, tumor differentiation, lymph node metastasis,

or tumor TNM stage.

Sensitivity analysis was conducted to test whether

a single study affected the pooled HR or OR. As shown

in Figure 4, the pooled results were not influenced by

removing individual studies.

Discussion
Many studies from the past several years have indicated

that cancer stem-like cells (CSCs) play a crucial role in

tumor development, progression, and metastasis. CSCs

have been identified in many human cancer types, includ-

ing hepatocellular carcinoma,22 bladder cancer,23 prostate

cancer,24 breast cancer,25 and lung cancer.26 The identifi-

cation and isolation of CSCs mainly depend on the use of

surface markers which include CD44, CD90, CD13,

SOX2, and OCT4.27 In recent years, Nanog was also

identified as a surface marker of CSCs.28

Recently, many studies have indicated that Nanog expres-

sion is associated with various tumors. Liang et al29 found

that Nanog expression was related to poor OS, tumor differ-

entiation, and TNM stage in hepatocellular carcinoma.

Likewise, Nanog expression was associated with the poor

prognosis of gastrointestinal luminal cancer.30 Zhao et al31

Table 5 Publication bias evaluation by Begg’s test and Egger’s test

Groups of outcomes No. of studies Estimates Begg’s test (P-value) Egger’s test (P-value) Publication bias

OS 6 HR+95%CI 1.000 0.564 Not significant

Gender 6 OR+95%CI 1.000 0.570 Not significant

Age 6 OR+95%CI 1.000 0.873 Not significant

Tumor size 3 OR+95%CI 0.296 0.079 Not significant

Differentiation 7 OR+95%CI 0.764 0.939 Not significant

LNM 8 OR+95%CI 0.462 0.232 Not significant

TNM stage 5 OR+95%CI 0.462 0.240 Not significant

Abbreviations: OS, overall survival; LNM, lymph node metastasis.
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Figure 4 Sensitivity analysis for meta-analysis of (A) OS, (B) gender, (C) age, (D) tumor differentiation, (E) lymph node metastasis, and (F) TNM stage.
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found that high Nanog expression predicted a poor prognosis

in solid tumors. However, the role of Nanog in NSCLC is still

controversial, hence the performance of this meta-analysis.

We believe that this meta-analysis is the first to identify the

clinical significance of Nanog expression in NSCLC. A total

of 10 studies containing 11 data sets with 1492 patients were

included. The results indicated that high Nanog expression

was related to poor OS, tumor differentiation, and tumor

TNM stage in NSCLC, but not correlated with gender, age,

tumor size, or lymph node metastasis. Cheng et al32 also

found that the overexpression of Nanog was correlated with

decreased OS and was related to tumor differentiation in lung

cancer. Both of these findings were consistent with our

results. However, Cheng et al32 also found that high Nanog

expression was associated with tumor size and lymph node

metastasis, which differed from our results. The following

reasons may have led to this discrepancy. In Chen’s meta-

analysis, only 4 of the included studies for lymph node

metastasis and 2 of the included studies for tumor size were

combined in meta-analysis, which was less than the number

of our included studies. Furthermore, the included studies in

Chen’s meta-analysis involved small cell lung cancer, which

may also contribute to the difference in results.

In this meta-analysis, five of the six studies analyzed

found that high Nanog expression was correlated with poor

OS. Our pooled results also found that high Nanog expres-

sion was associated with poor OS. Additionally, sensitivity

analysis was conducted to identify the source of heteroge-

neity for OS. We found that the heterogeneity significantly

dropped (I2=37.7%, P=0.170) without a change in pooled

analysis (HR=2.09, 95% CI: 1.60–2.74) after excluding the

Park study12 on lung squamous cell carcinoma. As is evi-

dent from these results, Nanog might be a potential prog-

nostic biomarker in NSCLC. Of the seven studies, four

studies indicated that Nanog expression was not associated

with tumor differentiation. However, the pooled results

indicated that Nanog expression was related to tumor dif-

ferentiation. The reason for this result may be that Naong is

a surface marker in cancer stem-like cells that can self-

renew and regulate differentiation. Similarly, four of the

five studies demonstrated that high Nanog expression was

not correlated with TNM stage. However, the pooled ana-

lysis indicated that high Nanog expression was related to

advanced TNM stage. Park et al12 reported that Nanog

expression was related to tumor size in lung adenocarci-

noma but not in lung squamous cell carcinoma. Zhong

et al20 declared that Nanog expression was not associated

with tumor size in NSCLC. In the present meta-analysis, the

combined results indicated that there was no statistical

relationship between Nanog expression and tumor size.

The reason for this may be that the sample size is small,

and the histologic subtypes of NSCLC is not the same.

Limitations
There do exist some limitations of this study. First, HRs and

their 95% CIs were obtained from Kaplan-Meier survival

curves instead of from the primary studies. Second, the cut-

off value of positive or negative (high or low) Nanog expres-

sion is different in each study, which may cause heterogene-

ity. Third, moderate heterogeneity was found in the analysis

of tumor size, tumor differentiation, and OS, which may

influence the reliability of outcomes. Fourth, although no

significant publication bias was found, the selection bias

may exist in this retrospective meta-analysis. Finally, the

number of included studies was relatively small. Therefore,

additional high-quality and better-designed studies must be

conducted to confirm our conclusion.

Conclusion
High Nanog expression was associated with poor prog-

nosis in NSCLC patients, and Nanog may serve as

a potential prognostic biomarker in NSCLC.
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