
RESEARCH ARTICLE

Correlation between p-STAT3 overexpression

and prognosis in lung cancer: A systematic

review and meta-analysis

Mengting Tong, Jing Wang, Nanyu Jiang, Hongming Pan, Da Li*

Department of Medical Oncology, Sir Run Run Shaw Hospital, Zhejiang University School of Medicine,

Hangzhou, Zhejiang, China

* lidaxhb@aliyun.com

Abstract

Objective

Previous studies have shown the correlation between p-STAT3 overexpression and progno-

sis in a variety of human tumors. However, their correlation in lung cancer remains contro-

versial. We performed a systematic review and meta-analysis to explore the correlation

between p-STAT3 overexpression and prognosis in lung cancer patients.

Methods

We searched PubMed, Embase, Web of Science, CNKI, VIP, and WanFang Data to identify

relevant studies. Two reviewers independently screened the literature search results,

extracted data, and assessed the methodological quality of the included studies. Then,

meta-analysis was performed by using Review Manager 5.3 and STATA 14 software. A ran-

dom-effect model was employed to evaluate all related pooled results. Statistical heteroge-

neity of each study was assessed by I2. Publication bias was determined by funnel plot and

the Begg’s or Egger’s tests.

Results

Eventually, 13 studies were included in present meta-analysis. Among these 13 studies, 8

studies were associated with the overall survival of lung cancer and 10 studies with other

clinicopathological characteristics. The results of this meta-analysis suggested that p-

STAT3 overexpression may be a poor prognosis biomarker in lung cancer (HR: 1.23; 95%

CI: 1.04–1.46; P = 0.02). In terms of other clinicopathological characteristics, p-STAT3 over-

expression was more frequent to advanced TNM stages ranging from III to IV (OR: 1.92;

95% CI: 1.13–3.27; P = 0.02) and lymphatic node metastasis (OR: 1.81; 95% CI: 1.20–2.72;

P = 0.004). But, it was not associated with tumor differentiation (OR: 0.82; 95% CI: 0.44–

1.53; P = 0.54).
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Conclusion

p-STAT3 overexpression has significant correlation with poorer overall survival of lung can-

cer patients, as well as with more advanced TNM stages and lymph node metastasis. Thus,

it may serve a biomarker for poor prognosis in lung cancer. Nevertheless, our findings

should be confirmed by large prospective studies.

Introduction

Cancer is considered a major public health problem worldwide, with an estimated 1,688,780

new cases and 600,920 deaths in 2017 according to the latest global statistics [1]. Lung cancer

is one of the most common malignant tumors with the second highest incidence rate among

all tumors. It is also the first leading cause of cancer-related deaths in both sexes. The 5-year

survival of localized lung cancer patients can reach 55.2%. However, more than 50% of the

lung cancer patients are diagnosed in advanced stages with a 5-year survival of less than 20%,

despite the rapid development of diagnosis and treatment [2–3]. Due to the specific living

environment and habits in China [4–6], the incidence and mortality rate of lung cancer are

higher than the global average rates [7]. In recent years, increasingly more research has been

devoted to investigation of on the use of molecular predictors for prognosis in cancer patients.

Furthermore, such predictors could be utilized for the selection of potential therapeutic targets.

At present, large-scale randomized controlled trials (RCTs) elucidating the mechanism of gene

panel and cell cycle progression of effective molecular predictors are underway [8]. Now, an

urgent need exists to identify critical molecular predictors of lung cancer progression because

of its high morbidity and mortality.

The family of signal transducer and activator of transcription (STAT) proteins in the cyto-

plasm include seven transcription factors: STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b,

and STAT6 [9]. Among them, STAT3 has been recognized as one of the key factors for tumors

formation [10–11]. It is a known fact that there are two active forms of STAT3: one of them is

a type of dimer (SH2), which is stable and difficult to degrade [12], and the second one is phos-

pho-STAT3 (p-STAT). In the cytoplasm, STAT3 is phosphorylated to p-STAT3 by Janus

kinases (JAKs). Before the phosphorylation of STAT3, JAK is activated by anaplastic lym-

phoma kinase (ALK) and growth factor receptors, including the epidermal growth factor

receptor (EGFR), platelet-derived growth factor (PDGF), and macrophage colony-stimulating

factor (CSF1). Then, p-STAT3 enters into the nucleus and promotes tumor cell proliferation,

drug resistance, or suppresses tumor cell apoptosis [13–17].

Recent studies have demonstrated that p-STAT3 overexpression is associated with

poorer prognosis in patients with gastric cancer [18], colorectal carcinoma [19], pancreatic

cancer [20], and lung cancer [21]. However, no association between p-STAT3 overexpres-

sion and lung cancer development has been found in some recent studies [22–24]. There-

fore, we conducted this updated meta-analysis to explore the correlation between p-STAT3

overexpression and the overall survival of lung cancer patients, as well as other clinico-

pathological characteristics.

Materials and methods

This meta-analysis was performed in accordance with the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) guideline (S1 File).

p-STAT3 and lung cancer
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Search strategy

We searched PubMed, Embase, Web of Science, CNKI, VIP, and WanFang Data to identify rel-

evant studies (the ending date of our search was November 1, 2016). The following words (in

Chinese) were used for retrieval of relevant studies: lung cancer, pSTAT3, phospho-STAT3, etc.
In addition, the following retrieval combinations (in English) were utilized: (lung neoplasm OR

small cell lung carcinoma OR non-small cell lung carcinoma OR NSCLC OR SCLC OR lung

cancer) AND (STAT3 OR STAT3 transcription factor OR signal transducer and activator of

transcription 3 OR STAT3 protein OR pSTAT3 OR phospho-STAT3 OR phosphorylated signal

transducer and activator of transcription 3 OR phosphorylated STAT3 transcription factor)

Inclusion criteria

The following inclusion criteria were employed: (1) the study sample was from clinically diag-

nosed lung cancer patients; (2) an immunohistochemical (IHC) method was used to detect p-

STAT3 expression; (3) hazard ratios (HRs) with a 95% confidence interval (CI) were used to

evaluate the correlation between p-STAT3 overexpression and the overall survival of lung can-

cer patients, or the Kaplan-Meier survival curves were used for the assessment; (4) the study

provided sufficient data to calculate the odds ratios (ORs), which were utilized to evaluate the

correlation between p-STAT3 overexpression and the clinicopathological characteristics in

lung cancer patients; (5) if similar results were reported in more than one journal, we accepted

only those from the most recent or the most complete study; (6) if the results reported in the

identified publications were published in different languages, we accepted only one of them;

(7) all investigations included were in Chinese or English, and all articles in Chinese were pub-

lished in core journals in China.

Data extraction

All titles and abstracts identified in the initial search were independently screened by two research-

ers (MTT and JW), and studies that did not satisfy the inclusion criteria were excluded. Subse-

quently, the full-text articles were reviewed, and all available data were extracted. The extracted

information included: (1) the title of the paper, the name of first author, publication year, and the

number of samples; (2) patient age, gender, follow-up time, the location of p-STAT3 expression,

and the cut-off value of p-STAT3; (3) tumor information: TNM stage, lymph node metastasis, dif-

ferentiation, etc. All data were cross-checked by two researchers. In cases of disagreement, consen-

sus was achieved through evaluation by a third reviewer (NYJ). If the study information was

incomplete or unclear, we contacted the author to collect as accurate information as possible.

Quality assessment

Two authors (MTT and JW) independently assessed the quality of the included studies using

the Newcastle-Ottawa Scale (NOS score) [25]. A score� 6 was consider to indicate high-qual-

ity articles.

Statistical analysis

HRs with 95% CI were used to evaluate the correlation of p-STAT3 overexpression with the over-

all survival of lung cancer patients. If HRs with 95% CI were not available in the original article

but with Kaplan-Meier survival curves, all results were calculated, and Kaplan-Meier survival

curves were read by Engauge Digitizer version 4.1 software (http://sourceforge.net/projects/

digitizer) and Jayne F Tierney table (http://www.biomedcentral.com/content/supplementary/

1745-6215-8-16-S1.xls).) ORs with 95%CI were used to evaluate the correlation of p-STAT3

p-STAT3 and lung cancer
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overexpression with clinicopathological characteristics in lung cancer patients. In this meta-anal-

ysis, all results including HRs and ORs were pooled by the random-effects model. I2 was used to

assess statistical heterogeneity. If I2>50%, heterogeneity was considered to exist among all

included studies, and we conducted a subgroup analysis to investigate its possible source. If I2<

50%, heterogeneity among all included studies was regarded as insignificant, and data were

directly pooled. To access the stability of our meta-analysis results, we conducted a sensitivity

analysis by omitting individual studies in turn and transforming the random effect model into

the fixed-effects model. Visual inspection of funnel plots for overall survival was conducted, and

the Begg’s or Egger’s tests were used to determine the potential publication bias. Further, a meta-

analysis was conducted by using Review Manager (version 5.3, Cochrane Collaboration, Copen-

hagen, Denmark) and STATA software (version 14 StataCorp, Texas, USA). The P-values were

two-sided and values< 0.05 were considered statistically significant.

Results

Study selection

A total of 1,411 relevant studies were identified by using the search strategy described earlier,

of which 1,279 studies were included by reviewing their titles and abstracts. Of them, we

selected 48 studies that were eligible for a full-text review. Finally, a total of 13 eligible studies

were included in this meta-analysis (flowchart in Fig 1, Fig 1 in the S1 File). Eight of these stud-

ies were analyzed to determine the correlation of p-STAT3 overexpression with the overall sur-

vival of lung cancer patients [15,22,24,26–30]. And ten studies were subjected to the meta-

analysis of clinicopathological characteristics [31–35].

Study characteristics

The basic characteristics of the 1,848 individuals included in the 13 eligible studies are summa-

rized in Table 1. The number of patients included in each examination ranged from 60 to 303,

and the follow-up period spanned from 0 to 146 months. Only one of these 13 studies involved

small lung cancer cases [22], and another one enrolled only patients with lung adenocarci-

noma [31].

Quality assessment

NOS score was used to determine the quality of the included studies. Since several studies con-

cerning other clinicopathological characteristics supplied only partially useful information, we

assessed the NOS score only of the studies investigating the overall survival of lung cancer

patients. Thus, among the 8 studies assessed, 4 studies had a NOS score of 8, and 4 studies

scored 7 (Table 2).

Meta-analysis results

p-STAT3 overexpression and overall survival. In this meta-analysis of eight studies, we

found that p-STAT3 was overexpressed in lung cancer patients with poorer overall survival.

The pooled HR was 1.23 (95% CI: 1.04–1.46; I2 = 0%), and the difference was statistically sig-

nificant (P = 0.02) (Fig 2).

p-STAT3 overexpression and TNM stage. Nine studies with a total of 1,624 enrolled

individuals were included in the meta-analysis of p-STAT3 overexpression and TNM stage.

The results indicated that p-STAT3 overexpression was more frequent for clinical TNM stages

ranging from III to IV, and the pooled OR was 1.92 (95% CI: 1.13–3.27) with statistically sig-

nificant difference (Fig 3). Heterogeneity existed among all included studies (I2 = 74%), thus, a

p-STAT3 and lung cancer
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subgroup analysis based on ethnicity was conducted. The pooled OR in China was 3.04 (95%

CI: 1.93–4.79; P<0.00001; I2 = 44%), and heterogeneity decreased considerably from 74% to

44%. Therefore, we can conclude that ethnicity is a significant source of heterogeneity in this

meta-analysis.

p-STAT3 overexpression and lymph node metastasis. Seven studies, enrolling 464

patients with lymphatic node metastasis and 443 patients without lymphatic node metastasis,

were included in the present meta-analysis of the association between p-STAT3 overexpres-

sion and lymph node metastasis. Our findings revealed that p-STAT3 overexpression was

more frequent for the lymphatic node metastasis group, whose pooled OR was 1.81(95%CI:

1.20–2.72) as determined by the random-effects model with statistically significant differences

(Fig 4). Heterogeneity was present among all included studies (I2 > 50%), and a subgroup

analysis based on the number of sample was conducted. The pooled OR in the large sample

size (n�100) was 1.88 (95% CI: 1.37–2.59; P< 0.0001; I2 = 0%), and heterogeneity was reduced

substantially from 51% to 0%.

p-STAT3 overexpression and tumor differentiation. Seven studies with 822 patients

were included in the meta-analysis of the relation between p-STAT3 overexpression and dif-

ferentiation in lung cancer patients. However, there was no statistically significant difference

in the well- moderately and poorly differentiation (OR = 0.54; 95% CI: 0.55–4.43) (Fig 5).

Fig 1. Flowchart of the literature search.

https://doi.org/10.1371/journal.pone.0182282.g001
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In addition, we also pooled ORs between p-STAT3 overexpression and pathological types

(adenocarcinoma and squamous carcinoma), smoking history, and patient ages, but, there was

no significant association (data not shown).

Sensitivity analyses

Identical results were obtained in the cases when the fixed effects model was used, including

those of the pooled HRs and ORs. However, omitting individual studies in turn contributed to

achieving a significant influence on the combined HRs (Table 3), but no influence on the

pooled ORs (data not shown).

Table 1. Characteristics and results for 13 included studies.

Author Publication

year

Country No. Gender

(M/F)

Media

age(Y)

Media

Follow-up

N/

C

Positive

(%)

Cut-off

value

Stage

I-II/

III-IV

Grade

I-II/III

LN

(+)

OS HR

estimate

NOS

Score

Zhao[22] 2012 China 128 66/62 — 15.4m N 48.43 — 77/51 44/15 69 OS HR 8

Yu[26] 2015 China 82 48/34 59 36.3m N 59.76 — 38/44 — 61 OS HR 8

Wang[27] 2011 China 208 128/80 59.8 67m N 46.15 25% 158/

50

132/

76

142 OS HR 8

Wang[33] 2012 China 59 32/27 57.6 — N 52.54 10% 46/13 44/15 28 — — —

Yang[35] 2012 China 87 58/29 58 — N 59.34 10% — 59/28 44 — — —

Cortas[29] 2007 USA 145 61/84 70 — N 37.31 >5% 123/

22

— 58 OS HR 7

Achcar[32] 2007 USA 303 181/

122

— >5y N 60.53 33% 244/

59

— — — _ —

Zhao[30] 2011 China 68 38/30 59.4 — — 68.96 50% 27/41 29/39 41 OS HR 8

Haura[15] 2005 USA 176 97/79 69 37m — — — — — _ OS K-M 7

Jiang[24] 2016 China 194 122/72 59 41m N 46.20 — 127/

67

130/

64

87 OS HR 7

Mukohara

[34]

2003 Japan 60 45/15 67.5 8.4y — 58.33 >5% 40/20 35/25 — — — _

Kim[31] 2010 Korea 162 93/69 62 67m — 68.96 25% 126/

36

103/

43

50 OS — —

van

Cruijsen

[28]

2009 USA 176 127/49 64.5 — N 70.70 50% 141/

35

— — OS K-M 7

M, male; F, female; N, nucleus; C, cytoplasm; No., patients number; LN, Lymph node metastasis; Positive, percentage of pSTAT3 positive cells; K-M,

Kaplan-Meier survival carves; OS, Overall survival; "—", not mentioned.

https://doi.org/10.1371/journal.pone.0182282.t001

Table 2. Quality assessment of each included study according to the Newcastle-Ottawa Scale.

study Publication year Selection Comparability Outcome NOS score

Haura[15] 2005 ☆☆ ☆☆ ☆☆☆ 7

Zhao[22] 2012 ☆☆☆ ☆☆ ☆☆☆ 8

Jiang[24] 2016 ☆☆ ☆☆ ☆☆☆ 7

Yu[26] 2015 ☆☆☆ ☆☆ ☆☆☆ 8

Wang[27] 2011 ☆☆☆ ☆☆ ☆☆☆ 8

van Cruijsen[28] 2009 ☆☆ ☆☆ ☆☆☆ 7

Cortas[29] 2007 ☆☆ ☆☆ ☆☆☆ 7

Zhao[30] 2011 ☆☆☆ ☆☆ ☆☆☆ 8

https://doi.org/10.1371/journal.pone.0182282.t002

p-STAT3 and lung cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0182282 August 10, 2017 6 / 13

https://doi.org/10.1371/journal.pone.0182282.t001
https://doi.org/10.1371/journal.pone.0182282.t002
https://doi.org/10.1371/journal.pone.0182282


Publication bias

Funnel plot was used to estimate the potential publication bias for the association between p-

STAT3 expression and the overall survival (Fig 6). The shape of the funnel plot was asymmetri-

cal. Because the number of the included studies was small, we conducted only the Egger’s test,

which revealed no evidence of publication bias (P = 0.097). Although the Egger’s test suggested

that there might have been no potential publication bias, we comprehensively analyzed the

information and speculated that the small sample size and the exclusion of some unpublished

studies might have affected the results.

Discussion

In 1986,Mountain firstly described the TNM stage [36]. Later, after many revisions, the con-

cept was adopted by the American Joint Committee on Cancer (AJCC) and the Union Interna-

tional Cancer Center (UICC). From then onwards, the TNM stage has been continually used

in clinical theory and practice. However, we found that the prognosis of lung cancer patients

might be different in despite of the presence of identical TNM stages. In recent years, an asso-

ciation between some molecular markers and the prognosis of lung cancer has been detected

in a large number of investigations. For example, Koh, et al. found that PD-1 overexpression in

lung cancer patients led to poorer overall survival and progression-free survival [37]. In addi-

tion,Wang et al. evidenced that the decreased expression of miR-133a in lung cancer patients

Fig 2. Forest plot for the association of p-STAT3 overexpression with overall survival in lung cancer

patients.

https://doi.org/10.1371/journal.pone.0182282.g002

Fig 3. Forest plot for the association of p-STAT3 overexpression with TNM stage in lung cancer

patients.

https://doi.org/10.1371/journal.pone.0182282.g003
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was related to a worse prognosis, including a more advanced TNM stage and increased lymph

node metastasis [38]. Furthermore, the research of Takamizawa, et al. discovered that let-7

microRNA overexpression in lung cancer postoperative patients was associated with a consid-

erably shorter survival time [39]. Moreover, different associations between p-STAT3 overex-

pression and tumors have been found by many scientists. For example, a considerable number

of meta-analyses has shown the presence of a certain association between p-STAT3 overex-

pression and the poorer prognosis of patients with solid tumors [40], digestive tract tumors

[41], gastric cancer [42], colorectal cancer [43], and lung cancer [21]. However, opposite

results were obtained in the meta-analysis conducted by Kong et al. [44]. Therefore, no unified

conclusion has been reached on the association between p-STAT3 overexpression and tumor

prognosis.

As early as 1999, Golob et al. found that p38 mitogen-activated protein (MAP) kinase

completely inhibited p-STAT3 expression [45]. In addition, other studies have also shown that

it inhibits tumor cell growth and distant metastasis, but promotes tumor cell apoptosis by

inhibiting STAT3 phosphorylation, the transcription and replication of DNA mediated by p-

STAT3 [46–47]. At present, a number of phase I clinical trials on p-STAT3 inhibitors (https://

clinicaltrials.gov/) are underway. It is noteworthy that Shou et al. also found that progression-

free survival of the group of lung cancer patients with p-STAT3 overexpression was signifi-

cantly shorter (9 months vs 26 months, P< 0.05) after the application of EGFR-TKI treatment

[48]. Previous studies have suggested that p-STAT3 might be a potential prognostic marker or

therapeutic target. Therefore, we conducted this meta-analysis to elucidate the association

between p-STAT3 overexpression and the overall survival of lung cancer patients, as well as

between p-STAT3 overexpression and other clinicopathological characteristics.

Our meta-analysis, including three new negative results, was conducted based on the study

of Xu et al. published in 2014 [21]. In spite of the identical result obtained, we considered that

Fig 4. Forest plot for the association of p-STAT3 overexpression with lymph node metastasis in lung

cancer patients.

https://doi.org/10.1371/journal.pone.0182282.g004

Fig 5. Forest plot for the association of p-STAT3 overexpression with tumor differentiation in lung

cancer patients.

https://doi.org/10.1371/journal.pone.0182282.g005
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our study was not an updated meta-analysis but a revised version. Furthermore, we drew a pri-

mary conclusion that p-STAT3 overexpression was associated with poorer overall survival of

lung cancer patients (HR = 1.23; 95% CI: 1.04–1.46; P = 0.02). In terms of clinicopathological

characteristics, p-STAT3 overexpression was more frequent to the group of patients with

TNM stages ranging from III to IV, and patients with lymphatic node metastasis. Although,

the results of the meta-analysis of concerning overall survival are not stable, p-STAT3 can still

be regarded as a biomarker indicator for poor prognosis in lung cancer patients.

Of course, our meta-analysis has certain limitations: (1) the cut-off value of p-STAT3 was

different in each of the studies; (2) a single method for detection of p-STAT3 expression was

used. The reliability and stability of the results is related to the researchers involved and the

levels of the respective research centers; (3) the location of p-STAT3 expression was unclear;

although most studies specified that p-STAT3 was located in the nucleus, its location was not

described clearly in some of them. As is well known, only a small amount of the cytoplasmic

expression of p-STAT3 might interfere with results; (4) since no specific data were provided in

some studies, especially concerning HR with 95% CI, we extracted this information from the

Kaplan-Meier survival curves, which might have caused some discrepancy with the real data;

Table 3. Sensitivity analysis for p-STAT3 overexpression with overall survival.

Study omitted Publication year HR 95%CI p-value I2

Haura[15] 2005 1.27 1.04–1.54 0.02 0%

Zhao[22] 2012 1.25 1.04–1.50 0.02 0%

Jiang[24] 2016 1.22 1.01–1.46 0.03 0%

Yu[26] 2015 1.19 0.99–1.42 0.06 0%

Wang[27] 2011 1.22 1.00–1.48 0.05 0%

van Cruijsen[28] 2009 1.23 1.02–1.48 0.03 0%

Cortas[29] 2007 1.27 1.06–1.53 0.01 0%

Zhao[30] 2011 1.22 1.02–1.45 0.03 0%

https://doi.org/10.1371/journal.pone.0182282.t003

Fig 6. Funnel plot for p-STAT3 overexpression with overall survival in lung cancer patients.

https://doi.org/10.1371/journal.pone.0182282.g006
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(5) direct exclusion of the specific data in some studies might have affected the final results; (6)

the sample size of some studies was small, and even the sources of patients, patients age, gen-

der, follow-up time, etc., may be factors that might have influenced the pooled results.

In conclusion, p-STAT3 overexpression is associated with poorer overall survival of lung

cancer patients, as well as with a more advanced TNM grade and lymph node metastasis.

Thus, it may serve as a biomarker indicator for poor prognosis in lung cancer patients. Never-

theless, this conclusion should be confirmed by large prospective studies with long-term fol-

low-up.
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