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Background and aim: Constitutive activation of STAT3 through its phosphorylation 

(p-STAT3) plays a key role in the development and progression of various cancers. However, 

the relationship between p-STAT3 expression and the clinicopathological features and prognostic 

value in patients with hepatocellular carcinoma (HCC) remains controversial. We conducted a 

meta-analysis to evaluate the role of p-STAT3 in HCC.

Methods: The PubMed, Cochrane Library, Web of Science, EMBASE, Chinese CNKI, and 

Chinese Wanfang databases were searched using the appropriate terms to find the relevant studies 

on p-STAT3 and HCC. The relationship between p-STAT3 expression and clinicopathological 

characteristics and prognostic value was established. Pool odds ratios (ORs) and hazard ratios 

(HRs) with 95% CIs were calculated using the STATA 14.2 software.

Results: The eight articles included in this meta-analysis comprised 752 patients. Expression 

of p-STAT3 was associated with incidence, age, liver cirrhosis, tumor size, vascular invasion, 

and TNM stage of HCC, but it was not related to gender, alpha-fetoprotein (AFP), hepatitis B 

surface antigen (HBsAg), number of tumors, and tumor differentiation. Additionally, the expres-

sion of p-STAT3 was related to a poor 3- and 5-year overall survival rate and disease-free 

survival rate.

Conclusion: Expression of p-STAT3 was associated with the incidence, age, liver cirrhosis, 

tumor size, vascular invasion, and TNM stage. Thus, p-STAT3 can be a reliable prognostic 

biomarker for HCC. Further high-quality studies with larger numbers of patients are needed.

Keywords: p-STAT3, hepatocellular carcinoma, prognosis, meta-analysis

Background
Hepatocellular carcinoma (HCC) is prone to lead to intrahepatic metastasis, and the 

prognosis is poor. More than half of the 660,000 new cases of HCC worldwide each year 

occur in China.1,2 The effective method for the treatment of HCC is a comprehensive 

treatment based on surgical resection. However, occult onset of HCC can occur and 

make it difficult to diagnose in the early stage, which leads to many patients with HCC 

being diagnosed in the middle or late stage. As a result, only 20%–25% of patients 

with liver cancer are amenable to surgery and the surgical resection rate is very low. 

In addition, postoperative recurrence and metastasis are common, so the long-term 

survival rate of patients with HCC remains low.3–5 Recently, studies on the mechanisms 

of recurrence and metastasis of liver cancer at the molecular level have been reported. 

Nevertheless, a better understanding of the pathogenesis of HCC is needed for the 

early prediction of its occurrence and prognosis. Thus, the identification of reliable 

biomarkers for HCC would be valuable.
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Recently, multiple studies have shown that STAT3, an 

important member of the STAT protein family, is involved 

in the development and progression of tumors. The consti-

tutive activation of STAT3 through its phosphorylation is 

thought to be involved in the development, invasion, and 

metastasis of malignant tumors.6 Sustained levels of phos-

phorylated STAT3 (p-STAT3) have been found in gastric 

cancer,7 pancreatic cancer,8 prostate cancer,9 breast cancer,10 

colorectal cancer,11 melanoma,12 and other malignant tumors. 

In addition, p-STAT3 has been recognized as an oncoprotein. 

In particular, p-STAT3 expression has been found to be asso-

ciated with clinicopathological characteristics and prognosis 

of patients with HCC, but controversy remains. For instance, 

Wu et al13 indicated that the expression of p-STAT3 is only 

related to TNM stage but not to other aspects including age, 

gender, and cirrhosis. Zhang et al14 reported associations of 

p-STAT3 expression with TNM stage and metastasis. Mano 

et al15 found that p-STAT3 expression was correlated with 

tumor size, level of alpha-fetoprotein (AFP), and intrahepatic 

metastasis, but not with tumor differentiation or vascular 

invasion. Yang et al16 found that p-STAT3 expression was 

associated with intratumor microvessel density in HCC and 

p-STAT3 was a significant predictor of overall survival (OS) 

of patients with HCC (P=0.036).

Two meta-analyses assessed the relationship between 

STAT3 and prognosis of digestive or various solid tumors. 

One study17 reported that STAT3 expression suggested 

a poor 3- and 5-year OS rate in solid tumors. However, 

this meta-analysis did not assess the relationship between 

p-STAT3 specifically and prognosis and instead included 

data of p-STAT3 and STAT3 combined. Moreover, there 

were little data on the association of p-STAT3 with the 

clinicopathological features of HCC. The other study18 

explored the relationship between p-STAT3 expression and 

prognosis of patients with digestive tumors. In this meta-

analysis, there were few articles for HCC and no data were 

included on the correlation between p-STAT3 expression and 

the 3- and 5-year survival and clinicopathological features 

of patients with HCC.

These deficiencies prompted the present meta-analysis so 

as to more thoroughly evaluate the relationship between the 

expression of p-STAT3 and the clinicopathological features 

and prognosis of patients with HCC.

Methods
search strategy and study selection
The PubMed, Cochrane Library, Web of Science, EMBASE, 

Chinese CNKI, and Chinese Wanfang databases were 

searched up to September 15, 2017, with no limit on the 

earlier date. The keywords used to perform the search were 

“p-STAT3” or “phosphorylated signal transducer and acti-

vator of transcription 3” and “hepatocellular carcinoma” or 

“hepatic tumor” or “liver tumor” or “hepatic cancer” or “liver 

cancer” or “HCC.”

The inclusion criteria for studies on HCC and p-STAT3 

were as follows: 1) the expression of p-STAT3 in patients 

with HCC was measured by immunohistochemistry (IHC) 

analysis; 2) the results included the survival information 

(OS and disease-free survival [DFS] rates) and clinico-

pathological characteristics; 3) hazard ratios (HRs) for OS 

or DFS can be calculated for the survival curves; and 4) in 

case of repeated studies, the most recent report is included 

in the meta-analysis.

The exclusion criteria for studies were as follows: 1) case 

reports, reviews, editorials, letters, conference abstracts, 

or animal trials and 2) repeated studies based on the same 

databases.

Data extraction and quality assessment
All eligible articles were independently screened in the same 

way by two independent reviewers (CJ Liang and YC Xu). 

The following data were extracted from eligible studies: first 

author, publication year, country or region, case numbers, 

clinicopathological characteristics, 3- and 5-year OS rates, 

and DFS rate (Table 1). The Newcastle-Ottawa Scale (NOS) 

criteria were used to assess the quality of the studies. A study 

was considered to be a low-quality or high-quality study 

when the NOS score was ,6 or $6, respectively.

statistical analyses
The STATA 14.2 (StataCorp LP, College Station, TX, USA) 

and Engauge Digitizer 10.0 software were used to calculate 

all statistical data or extract the survival data from Kaplan–

Meier curves. Pooled odds ratios (ORs) were used to assess 

the relationship between p-STAT3 expression and clinico-

pathological features (gender [male vs female], age [.50 

vs #50 years], hepatitis B surface antigen [HbsAg] [yes vs 

no], AFP [.400 vs #400], liver cirrhosis [yes vs no], tumor 

size [#5 vs .5 cm], vascular invasion [yes vs no], number 

of tumors [single vs multiple], tumor differentiation [low 

vs high + moderate], and TNM stage [I + II vs III + IV]). 

Pooled HR with 95% CI was used to evaluate the associa-

tion between p-STAT3 expression and 3- and 5-year OS and 

DFS. Heterogeneity was assessed by the I2 test and Q test 

if the I2,50% fixed-effects model was used, otherwise the 

random-effects model was chosen. Funnel plots and Egger’s 

tests were used to assess the potential publication bias. 

The source of heterogeneity was determined by sensitivity 
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and subgroup analyses. If the pooled estimated OR or HR 

(95% CI) did not overlap 1, the effect of the expression of 

p-STAT3 on the clinicopathological features and survival 

was considered significant.

Results
Identification of eligible studies, study 
characteristics, and quality assessment
A total of 780 potentially relevant studies were selected 

from the PubMed, Web of Science, Cochrane Library, 

EMBASE, CNKI, and Chinese Wanfang databases. Dupli-

cated studies, non-HCC studies and nonoriginal articles, 

comprising 717 articles, were excluded (Figure 1). The 

remaining 63 articles were further evaluated by reading the 

abstracts, of which 28 articles were excluded as they were 

non-p-STAT3-related human studies or did not analyze 

tumor tissues. The remaining 35 studies were assessed by 

reading the full text. Of them, 27 studies were excluded 

because of lack of clinicopathological data. Ultimately, 

eight13–16,19–22 eligible studies involving 752 patients with 

HCC were included in this meta-analysis. The studies 

were published between 2007 and 2014, and the sample 

size ranged from 68 to 138 patients. Six studies were from 

mainland China, one study was from Japan, and one study 

was from Taiwan. Five of these studies were published in 

English, and the others were published in Chinese (Table 1). 

All eight studies were high quality.

association between p-sTaT3 in hcc 
and clinicopathological features
The association between p-STAT3 expression and clinico-

pathological features of patients with HCC was evaluated. 

As shown in Table 2 and Figure 2A–K, p-STAT3 was over-

expressed in HCC tissue compared to adjacent nontumor 

tissue (OR =6.27, 95% CI =2.85, 13.79, P=0.000, I2=76.5%, 

random effect) and p-STAT3 expression was associated 

with age (OR =1.45, 95% CI =1.01, 1.49, P=0.044, I2=0, 

fixed effect), liver cirrhosis (OR =1.56, 95% CI =1.01, 

2.43, P=0.046, I2=0, fixed effect), tumor size (OR =0.56, 

95% CI =0.40, 0.78, P=0.001, I2=45.2%, fixed effect), vas-

cular invasion (OR =3.43, 95% CI =2.13, 5.52, P=0.000, 

I2=34.2%, fixed effect), and TNM stage (OR =0.36, 95% 

CI =0.19, 0.70, P=0.042, I2=66.1%, random effect). However, 

p-STAT3 expression was not significantly related to gender 

(OR =0.91, 95% CI =0.63, 1.31, P=0.618, I2=0, fixed effect), 

HBsAg (OR =1.11, 95% CI =0.75, 1.65, P=0.597, I2=0, fixed 

effect), AFP (OR =1.40, 95% CI =0.92, 2.14, P=0.121, I2=0, 

fixed effect), number of tumors (OR =0.64, 95% CI =0.35, 

1.18, P=0.155, I2=0, fixed effect), and tumor differentiation 

(OR =1.81, 95% CI =0.79, 4.15, P=0.161, I2=69.3%, ran-

dom effect). The results of the subgroups analysis based on 

p-STAT3 expression, tumor differentiation, and TNM stage 

by sample size and NOS score are presented in Table 3. 

p-STAT3 was overexpressed in studies with a small sample 

size (n#100, OR =7.70, 95% CI =2.82, 21.00, P=0.003, 

I2=78.1%, random effect) or those ranked with a low NOS 

score (NOS #7, OR =5.46, 95% CI =2.64, 11.31, P=0.000, 

I2=65.7%, random effect). However, p-STAT3 expression 

was not obviously significant in studies with large sample 

size (n.100, OR =5.78, 95% CI =0.56, 59.51, P=0.140, 

I2=65.2%, random effect) or studies ranked as high quality 

(NOS .7, OR =20.14, 95% CI =0.26, 595.43, P,0.001, 

I2=87.4%, random effect). Heterogeneity was evident in each 

subgroup. Also, p-STAT3 expression was related to tumor 

differentiation in a subgroup of studies with a large sample 

size (n.100, OR =1.78, 95% CI =1.15, 3.69, P=0.015, I2=0, 

random effect). However, p-STAT3 expression was not 

related to differentiation in other subgroups and heteroge-

neity was evident in the subgroups of studies with a small 

sample size and low NOS score subgroup (n#100, I2=85% 

and NOS #7, I2=82.8%, respectively). Additionally, het-

erogeneity was significant for each TNM stage group. The 

sources of the heterogeneities could not be identified because 

of the limitations of sample size and NOS score. Despite this, 

p-STAT3 expression was related to poor clinicopathological 

features. It is conceivable that p-STAT3 plays an oncogenic 

role in HCC.

association between p-sTaT3 expression 
in hcc and 3- and 5-year Os and DFs
Six studies comprising 610 patients were analyzed to 

determine the relationship between p-STAT3 expression 

and the 3-year OS (HR =1.69, 95% CI 1.07, 2.31; I2=0.0, 

P,0.001). Five studies comprising 542 patients were evalu-

ated to establish the correlation between p-STAT3 and the 

5-year OS (HR =1.67, 95% CI 1.18, 2.15; I2=0.0, P,0.001). 

Three studies comprising 352 patients were examined to 

find the relationship between p-STAT3 expression and 

DFS (HR =1.94, 95% CI 1.42, 2.47; I2=42.0%, P,0.001). 

These results (Figure 3) indicated that there is a correlation 

between the p-STAT3 expression and poor prognosis of 

patients with HCC. Additionally, these results reinforce the 

view that p-STAT3 may be a reliable prognostic biomarker 

for HCC.

Publications bias
No publication biases were evident for p-STAT3 expres-

sion (P=0.06), gender (P=0.711), age (P=0.230), HBsAg 
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Table 1 characteristics of studies included in the meta-analysis

Studies Year Country Kind Number 
of patients

Laboratory 
method

Expression, 
cancer (±) and 
control (±)

Gender, 
male (±) and 
female (±)

Age (years), .50 
(±) and #50 (±)

HBsAg, yes 
(±) and no (±)

Liver cirrhosis, 
yes (±) and 
no (±)

AFP, .400 
(±) and 
#400 (±)

Tumor size 
(cm), #5 (±) 
and .5 (±)

Tumor number, 
single (±) and 
multiple (±)

Vascular 
invasion, yes (±) 
and no (±)

Differentiation, 
low (±) and high 
and moderate (±)

TNM stage, 
I, II (±) and 
III, IV (±)

Survival 
information

Quality 
score

Yang et al16 2007 Taiwan hcc 69 ihc 50/19 38/14 na 30/12 36/12 25/8 35/10 na 17/5 3/5 37/13 n 6
14/55 12/5 20/7 14/7 18/8 15/9 33/14 47/14 13/6

Wu et al12 2011 china hcc 138 ihc 75/63 60/55 51/35 60/51 69/56 na 13/28 na na 2/3 50/56 Os rFs 8
35/75 15/8 24/28 15/12 6/7 62/35 73/60 25/7

Wu et al22 2011 china hcc 113 ihc na 55/37 45/22 58/34 63/38 na 17/15 na na 2/0 47/39 Os DFs 7
13/8 23/23 10/11 5/7 51/30 66/45 21/6

Zhang et al14 2012 china hcc 100 ihc 58/42 48/32 28/20 47/38 38/22 32/19 29/26 na na 24/8 35/25 Os 8
0/10 10/10 30/22 11/4 20/20 26/23 29/16 34/34 23/17

Zepeng et al19 2013 china hcc 90 ihc 46/44 35/30 25/23 na na 36/27 27/32 29/32 14/1 10/10 24/40 Os 8
0/90 11/14 21/21 10/17 19/12 17/12 32/43 36/34 22/4

Mano et al15 2013 Japan hcc 101 ihc na 26/55 na 8/14 14/22 na na na 24/30 16/19 na Os DFs 8
10/10 28/51 22/43 12/35 20/46

Tao et al20 2014 china hcc 73 ihc 38/35 31/30 na 32/26 na 12/14 12/20 28/39 23/8 11/3 11/19 n 7
20/53 7/5 6/9 26/21 26/15 10/6 15/27 27/32 27/16

lin et al21 2014 china hcc 68 ihc 46/22 38/18 17/6 41/18 na 32/13 18/10 36/17 31/8 31/3 16/17 Os 7
18/50 8/4 29/16 5/4 14/9 28/12 10/5 15/14 15/19 30/5

Abbreviations: aFP, alpha-fetoprotein; hBsag, hepatitis B surface antigen; hcc, hepatocellular carcinoma; ihc, immunohistochemistry; DFs, disease-free survival; na, 
not applicable; Os, overall survival.

Figure 1 Flow diagram depicting the study selection.
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Table 1 characteristics of studies included in the meta-analysis

Studies Year Country Kind Number 
of patients

Laboratory 
method

Expression, 
cancer (±) and 
control (±)

Gender, 
male (±) and 
female (±)

Age (years), .50 
(±) and #50 (±)

HBsAg, yes 
(±) and no (±)

Liver cirrhosis, 
yes (±) and 
no (±)

AFP, .400 
(±) and 
#400 (±)

Tumor size 
(cm), #5 (±) 
and .5 (±)

Tumor number, 
single (±) and 
multiple (±)

Vascular 
invasion, yes (±) 
and no (±)

Differentiation, 
low (±) and high 
and moderate (±)

TNM stage, 
I, II (±) and 
III, IV (±)

Survival 
information

Quality 
score

Yang et al16 2007 Taiwan hcc 69 ihc 50/19 38/14 na 30/12 36/12 25/8 35/10 na 17/5 3/5 37/13 n 6
14/55 12/5 20/7 14/7 18/8 15/9 33/14 47/14 13/6

Wu et al12 2011 china hcc 138 ihc 75/63 60/55 51/35 60/51 69/56 na 13/28 na na 2/3 50/56 Os rFs 8
35/75 15/8 24/28 15/12 6/7 62/35 73/60 25/7

Wu et al22 2011 china hcc 113 ihc na 55/37 45/22 58/34 63/38 na 17/15 na na 2/0 47/39 Os DFs 7
13/8 23/23 10/11 5/7 51/30 66/45 21/6

Zhang et al14 2012 china hcc 100 ihc 58/42 48/32 28/20 47/38 38/22 32/19 29/26 na na 24/8 35/25 Os 8
0/10 10/10 30/22 11/4 20/20 26/23 29/16 34/34 23/17

Zepeng et al19 2013 china hcc 90 ihc 46/44 35/30 25/23 na na 36/27 27/32 29/32 14/1 10/10 24/40 Os 8
0/90 11/14 21/21 10/17 19/12 17/12 32/43 36/34 22/4

Mano et al15 2013 Japan hcc 101 ihc na 26/55 na 8/14 14/22 na na na 24/30 16/19 na Os DFs 8
10/10 28/51 22/43 12/35 20/46

Tao et al20 2014 china hcc 73 ihc 38/35 31/30 na 32/26 na 12/14 12/20 28/39 23/8 11/3 11/19 n 7
20/53 7/5 6/9 26/21 26/15 10/6 15/27 27/32 27/16

lin et al21 2014 china hcc 68 ihc 46/22 38/18 17/6 41/18 na 32/13 18/10 36/17 31/8 31/3 16/17 Os 7
18/50 8/4 29/16 5/4 14/9 28/12 10/5 15/14 15/19 30/5

Abbreviations: aFP, alpha-fetoprotein; hBsag, hepatitis B surface antigen; hcc, hepatocellular carcinoma; ihc, immunohistochemistry; DFs, disease-free survival; na, 
not applicable; Os, overall survival.

Table 2 p-sTaT3 clinicopathological features for hepatocellular carcinoma

Heterogeneity

Clinicopathological 
features

Number 
of studies

Number 
of patients

Pooled OR 
(95% CI)

PHet I2 (%) P-value Model 
used

expression (positive:negative) 6 958 6.27 (2.85, 13.79) 0.001 76.5 ,0.001 random
gender (male:female) 8 752 0.91 (0.63, 1.31) 0.673 0.0 0.618 Fixed
age (years) (.50:#50) 5 509 1.45 (1.01, 1.49) 0.704 0.0 0.044 Fixed
hBsag (yes:no) 7 662 1.11 (0.75, 1.65) 0.568 0.0 0.597 Fixed
aFP (.400:#400) 5 390 1.40 (0.92, 2.14) 0.529 0.0 0.121 Fixed
liver cirrhosis (yes:no) 5 521 1.56 (1.01, 2.43) 0.942 0.0 0.046 Fixed
Tumor size (cm) (#5:.5) 7 651 0.56 (0.40, 0.78) 0.090 45.2 0.001 Fixed
Vascular invasion (yes:no) 5 401 3.43 (2.13, 5.52) 0.193 34.2 ,0.001 Fixed
Tumor number (single:multiple) 3 231 0.64 (0.35, 1.18) 0.568 0.0 0.155 Fixed
Differentiation (low:h + M) 8 752 1.81 (0.79, 4.15) 0.002 69.3 0.161 random
TnM stage (i + ii:iii + iV) 7 651 0.36 (0.19, 0.70) 0.007 66.1 0.003 random

Notes: Random, random-effects model; fixed, fixed-effects model; H + M, high + moderate level of differentiation.
Abbreviations: AFP, alpha-fetoprotein; CI, confidence interval; HBsAg, hepatitis B surface antigen; OR, odds ratio; PHet, probability of hereogeneity.

(P=0.462), AFP (P=1), liver cirrhosis (P=0.806), tumor 

size (P=0.707), number of tumors (P=0.296), vascular inva-

sion (P=0.452), tumor differentiation (P=0.368), TNM stage 

(P=0.230), 3-year OS (P=0.268), 5-year OS (P=0.368), and 

DFS (P=1) according to the Begg’s test (Figures 3 and 4).

Discussion
STAT3 becomes activated in response to interleukin-6 

(IL-6) and other cytokines and functions as an acute-phase 

factor response factor. The STAT3 gene is located in human 

chromosome 17. The 4815 bp gene harbors 24 exons that 

include STAT3α, β, and γ.23,24 STAT3 is involved in early 

embryonic development and differentiation of bone marrow 

cells, regulation of cell growth and differentiation, prolifera-

tion, malignant transformation, and apoptosis inhibition, and 

other important physiological functions.25–27

Recent experimental studies revealed the key role of 

STAT3 in the development of tumors. STAT3 is activated 

by a variety of carcinogens, including viral infections, ion-

izing radiation, growth factors, oncogenes, and inflamma-

tory mediators.28 Constitutive activation of STAT3 occurs 

most often in tumor cells and generally does not occur in 

normal cells. p-STAT3 is overexpressed in a variety of tumor 

tissues and cells. Such overexpression is associated with 

clinicopathological features and prognosis of patients with 

various cancers, including HCC. However, the relationship 
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Figure 2 Forest plot of studies evaluating the association between p-sTaT3 expression and clinicopathogical features including expression (A), gender (B), age (C), hBsag 
(D), liver cirrhosis (E), aFP (F), tumor size (G), number of tumors (H), vascular invasion (I), tumor differentiation (J), and TnM stage (K).
Note: Weights are from random-effects analysis.
Abbreviations: aFP, alpha-fetoprotein; hBsag, hepatitis B surface antigen; Or, odds ratio.
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Table 3 subgroup analysis of expression, differentiation, and TnM stage

Subgroups Number 
of studies

Number 
of patients

Pooled OR 
(95% CI)

PHet I2 (%) P-value

expression
sample size

#100 4 600 7.70 (2.82–21.00) 0.003 78.1 ,0.001
.100 2 358 5.78 (0.56–59.51) 0.090 65.2 0.140

nOs score
#7 3 153 5.46 (2.64–11.31) 0.054 65.7 ,0.001
.7 3 437 20.14 (0.26–595.43) ,0.001 87.4 0.082

Differentiation
sample size

#100 4 300 1.78 (0.33–9.54) ,0.001 85.0 0.500
.100 4 452 2.06 (1.15–3.69) 0.426 0.0 0.015

nOs score
#7 4 323 2.41 (0.32–18.17) 0.001 82.8 0.393
.7 4 429 1.59 (0.84–2.99) 0.227 30.9 0.151

TnM stage
sample size

#100 3 300 0.30 (0.11–0.84) 0.016 71.1 0.022
.100 4 351 0.46 (0.19–1.12) 0.055 65.6 0.088

nOs score
#7 4 323 0.39 (0.18–0.87) 0.082 55.3 0.021
.7 3 328 0.32 (0.09–1.17) 0.004 81.8 0.086

Abbreviations: nOs, newcastle-Ottawa scale; Or, odds ratio; Phet, probability of hereogeneity.

between p-STAT3 expression and the clinicopathological 

features and prognosis of patients with HCC is unclear and 

contentious.

The current meta-analysis of eight studies comprising 

752 HCC patients revealed the association of the expression 

of p-STAT3 with HCC incidence, age, liver cirrhosis, tumor 

size, vascular invasion, and TNM stage. These findings are 

evidence of the involvement of p-STAT3 in the development 

and progression of HCC. Furthermore, p-STAT3 expression 

was related to a poor 3- and 5-year OS rate as well as the DFS 

rate, suggesting that p-STAT3 could be a reliable biomarker 

for the prognosis of patients with HCC.

STAT3 appears to be involved in the tumor inflammatory 

response, tumor cell transformation, survival, proliferation, 

angiogenesis, invasion, and metastasis. For instance, 

Miyatsuka et al29 suggested that the activation of STAT3 in 

pancreatic cells upregulates the expression of pancreatic-

duodenal homeobox 1 (PDX1), leading to the transformation 

of pancreatic acinar cells to ductal cells, which is the basis of 

pancreatic cancer. Their results suggested that activation of 

STAT3 promotes tumor cell transformation. Also, Fan et al30 

reported that the expressions of the proapoptotic factors 

BCL2L1 and BIRC5 were downregulated when STAT3 

expression was downregulated in colon cancer cells. Li et al31 

found that silencing STAT3 can significantly downregulate 

BCL2 and lead to increased glioma cell apoptosis, suggesting 

that STAT3 can protect tumor cells from apoptosis. Masuda 

et al32 showed that p-STAT3 inhibits the expression of 

cyclin D1, which contributes to the proliferation of head and 

neck squamous cell carcinoma. In addition, p-STAT3 expres-

sion has been positively correlated to cyclin D1 expression, 

while the activation of epidermal growth factor receptor in 

glioma cells can cause excessive activation of STAT3, and 

the resulting increased expression of cyclin D1 drives the 

accelerated proliferation of tumor cells.33 Moreover, STAT3 

was found to promote invasion and metastasis of tumor cells 

by upregulating matrix metalloproteinases (MMP1, MMP2 

and MMP9) and overexpression of p-STAT3 was closely 

related to tumor angiogenesis.22,34 Furthermore, p-STAT3 

participates in the interaction between tumor cells and the 

immune system, which leads to the inhibition of the release 

of some inflammatory mediators, such as tumor necrosis 

factor (TNF) and nitric oxide (NO), which in turn contributes 

to a weakened inflammatory response and promotion of the 

escape of tumor cells from T-cell-mediated killing.35,36

This meta-analysis confirms that p-STAT3 is associated 

with clinicopathological features and may be a specific bio-

marker for the prognosis of patients with HCC. Nevertheless, 

these conclusions must remain tentative due to the many 

limitations of this meta-analysis. First, most of the included 

studies were conducted in China, so the results may not be 

generalizable to non-Chinese or non-Asian individuals. More 
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Figure 3 Pooled analysis for the association between p-sTaT3 expression and the 3-year Os rate (A: Forest plot, D: Begg’s publication bias plot), the 5-year Os rate 
(B: Forest plot, E: Begg’s publication bias plot), and the DFs rate (C: Forest plot, F: Begg’s publication bias plot).
Abbreviations: DFs, disease-free survival; hr, hazard ratio; Os, overall survival.

studies will be needed to confirm or refute the present findings 

in other races and ethnicities. Second, although subgroups’ 

analysis involved sample size and NOS score, there was 

heterogeneity present and the source of such heterogeneity 

was unclear. A possible explanation is the experimental 

methods used in the included studies. For instance, IHC 

analysis, which was used in all studies, is a semiquantitative 

research method that can be influenced by the use of different 

antibodies and cutoff values. Careful inspection of the articles 

determined that the source of the p-STAT3 antibody differed 

between some of the studies (some purchased from Santa 

Cruz Biotechnology Inc., Dallas, TX, USA, and others from 

Cell Signaling Technology CST, Danvers, MA, USA). Fur-

thermore, the antibody dilutions used in the IHC procedures 

were different (1:200, 1:150, 1:100, and 1:50 in the studies 

that reported the dilution). Additionally, the positive cutoff 

values differed (19%, 25%, or 50%). These differences likely 

influenced the outcome of the decisions. High-quality studies 

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1211

p-sTaT3 in hepatocellular carcinoma

involving large numbers of individuals that utilize the same 

antibody, antibody dilution, and cutoff value are needed 

to further support the present findings. Finally, HRs were 

obtained using the Engauge Digitizer 10.0 software, which 

may have caused some offset.

Conclusion
Despite the limitations, the results are still significant. The 

expression of p-STAT3 was associated with HCC incidence, 

as well as age, liver cirrhosis, tumor size, vascular inva-

sion, and TNM stage in patients with HCC. Additionally, 

Figure 4 (Continued)
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Figure 4 Begg’s publication bias plot for the p-sTaT3-related studies including expression (A), gender (B), age (C), hBsag (D), liver cirrhosis (E), aFP (F), tumor size (G), 
number of tumors (H), vascular invasion (I), differentiation (J), and TnM stage (K).
Abbreviations: aFP, alpha-fetoprotein; hBsag, hepatitis B surface antigen; Or, odds ratio.

p-STAT3 expression correlated with poor 3- and 5-year OS 

and DFS. The collective findings implicate p-STAT3 as a 

reliable biomarker for the prognosis of patients with HCC, 

pending the results of high-quality studies involving larger 

numbers of individuals.
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