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ABSTRACT

Objective: The prognostic value of signal transducer and activator of
transcription 3 (STAT3) and phospho-STAT3 in breast cancer remains controversial
in heterogeneous. The objective of this meta-analysis was to evaluate STAT3 and
phospho-STAT3 expression on the prognosis of breast cancer patients.

Materials and Methods: PubMed, Cochrane Central Register of Controlled Trials,
Embase, Web of Science, Chinese CNKI, and Wan Fang were searched up to 19th June
2017. Studies which investigated the STAT3 or phospho-STAT3 expression of patients
with breast cancer on the basis of patient survival data or survival curve were eligible.

Results: This meta-analysis involves 12 studies and 4513 female patients with
breast cancer. No clear relationship exists between overall survival (0OS) and high
expression of STAT3 and p-STAT3 (hazard ratio [HR] = 0.95, 95% confidence interval
[CI]: 0.62-1.46, p > 0.05). p-STAT3 expression is unrelated to disease-free survival
(HR = 0.69, 95% CI: 0.18-2.55, p = 0.573). Notably, the pooled effect predicts better
breast cancer-specific survival with p-STAT3 overexpression (HR = 0.68, 95% CI:
0.59-0.78, I? = 30.9%, p < 0.001). Results of subgroup analyses show that STAT3
overexpression indicates shorter OS (HR = 1.87, 95% CI: 1.42-2.45, p < 0.001)
when excluding the heterogeneity test. Meanwhile, p-STAT3-positive patients have
a significantly higher OS than their counterparts (HR = 0.72, 95% CI: 0.57-0.91,
p < 0.01).

Conclusions: Positive STAT3 expression may indicate poor OS. However, p-STAT3,
as a potential molecular biomarker for predicting chemotherapeutic effect, appears
to have better prognostic value than STAT3.

INTRODUCTION

Signal transducer and activator of transcription
3 (STAT3), one of the seven-member STAT family of
transcription factors, can be activated by tyrosine kinase
signals and dimerized to phospho-STAT3 (p-STAT3)
[1]. STAT3 and p-STAT3 are significantly associated
with tumor development, migration, and incursion in
cancer through angiogenesis and lymph-angiogenesis.
STAT3 overexpression indicates poor prognosis in
various malignancies, such as hepatic cancer, breast

cancer, thyroid cancer, gastric cancer, and melanoma.
Consequently, STAT3/p-STAT3 could accurately predict
patient prognosis.

To gain insight into the correlation of breast tumor
with STAT3/p-STAT3, Li CY et al. (2016) conducted a
quantitative meta-analysis of seven studies published up
to April 2016. They found that high expression of STAT3
and p-STAT3 predicts poor prognosis in East Asians,
while a positive outcome was found in non-East Asians
[2]. Chen Y] et al. (2013) simultaneously studied STAT3
and p-STAT3 expression in patients with breast cancer
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and found that the expression of STAT3 and p-STAT3 is
higher in tumor tissue than in normal tissues. However,
only the N stage, which positively correlates with STAT3
expression, was identified as the independent predictor of
the overall survival (OS) of patients with breast cancer
[3]. Meanwhile, Liu X et al. (2014) observed that the
disease-free survival (DFS) and 5-year OS of p-STAT3-
positive patients is higher than that of their counterparts
[4]. Accordingly, we present an updated meta-analysis of
the literature on the expression of STAT3 and p-STAT3 in
patients with breast cancer.

MATERIALS AND METHODS

Search strategy

PubMed, Cochrane Central Register of Controlled
Trials, EMBASE, Web of Science, Chinese CNKI, and
Wan Fang were searched using the following keywords:
“signal transducer and activator of transcription 3” or
“STAT3”; “phosphorylated signal transducer and activator
of transcription 3” or “p-STAT3” or “phospho-STAT3,”
and “breast cancer” or “breast carcinoma” or “breast
neoplasms” or “mammary cancer” up to 19th June 2017.

Study eligibility criteria

Included studies were those that (1) recruited
patients with the histologic type of breast cancer; (2)
measured the expression of STAT3 and p-STAT3 in tumor
tissue by immunohistochemistry (IHC); (3) provided
data concerning the correlation between STAT3/p-STAT3
expression and survival outcome or clinicopathological
information, including tumor differentiation, TNM stages,
lymph node metastasis, hazard ratio (HR), and their 95%
confidence intervals (CI) or sufficient survival data; (4)
used overlapping samples, from which the most complete
ones were selected.

Exclusion criteria were (1) duplicate reports,
ongoing studies, literature published as abstracts, letters,
editorials, theoretical papers, reviews, and case reports; (2)
studies on breast cancer cell lines and animal models but
not based on human patients; (3) studies that assessed the
effect of medication without reporting STAT3/p-STAT3
expression and breast cancer; (4) studies without sufficient
survival data to obtain HR and 95% CI; (5) studies whose
research methods and experimental design were apparently
dissimilar from those of the selected studies.

Data extraction

Two investigators (LY, HJ) independently examined
all literature searches to recognize eligible studies,
abstracted data from all studies, and crosschecked data.
Controversial problems were resolved by discussions
between the two examiners. For each included study,

we recorded baseline characteristics, histology, stage,
grade, estrogen receptor (ER) and progesterone receptor
(PR), human epidermal growth factor receptor 2 (HER2)
status, cut-off value of positive expression, antibodies
used for IHC, survival curves, and HRs and their 95%
ClIs and OS, DFS, or cancer-specific survival (CSS) rate.
If the only obtainable data of HR and 95% CI were in
the form of the survival curve, then Engauge Digitizer
version 4.1 (downloaded from http://digitizer.sourceforge.
net/) was used to read the graphical survival plot [S]. The
Newcastle—Ottawa Scale criterion was used by the two
reviewers to independently assess the quality of each
included study [6]. Newcastle—Ottawa Scale mainly
includes subject selection, subject comparability, and
ascertainment of exposure risk. NOS scores ranged from
0to 9, and a score > 7 indicates as high-quality studies.

Statistical analysis

The time-to-event HR estimates were pooled into a
summary HR by meta-analysis. Heterogeneity test of the
individuals was evaluated with Cochrane Q test and the I?
statistic. Heterogeneity was presented as significant when
12> 50% or p value of Q test < 0.1, and random-effects
model was adopted if there was significant heterogeneity,
otherwise, the fixed-effects model was adopted [7].
Galbraith plot was worked for the heterogeneity test.
Furthermore, publication bias was measured using Egger’s
linear regression test [8]. All statistical calculations were
performed via Stata version 12.0 (Stata Corp, College
Station, TX, USA). P < (.05 was considered statistically
significant [9—11].

RESULTS

Search results

The search strategy identified 1380 studies. Details
of the flow diagram of the identification and attrition of
studies are shown in Figure 1. In accordance with the
inclusion criteria, 12 studies with full text (Dolled F. et
al. 2003; Yamashita H. et al. 2006; Liu C. et al. 2007;
Sheen C. et al. 2008; Li SJ. et al. 2011; Sato T et al. 2011;
Sonnenblick A. et al. 2013; Chen YJ. et al. 2013; Liu X.
et al. 2014; Zhang N. et al. 2016; Aleskandarany MA et
al. 2016; Fadia JA. et al. 2016) were included, with 4513
female breast cancer patients who underwent surgery.
STAT3 and p-STAT3 expression was evaluated by IHC
in all studies. Further details on the included studies are
listed in Table 1 [3, 4, 12-21].

Meta-analysis

In all selected studies, five publications analyzed the
prognostic value of STAT3 expression, nine of p-STAT3
expression, and two of STAT3 and p-STAT3 expression. In
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Table 1: Main characteristics and results of eligible studies

Meth- Sur- HR
Pa- STAT3+ p- Age . od Follow up  vival Qual-
Studies  tient  Histology N pts STAT3+ Clinicopatho- Cut-off  IHC HR  95%CI g ity
o logic features value Score sta
source (%) (%) (years) Anti- (months)  analy- tis- score
body sis tics
C198 C56
Dolled F. Nod (69.2);  (19.6); ER, PR Her2, 035 0.12-1.03
USA nc;aﬁe‘;c 346 NR Ki-67, T, NR Score=1 a 187 oS R 6
(2003) N 66 N124 LN, G 043" 0.18-0.99°
(23.1) (43.5)
Yamashi- Invasive 1.28 0.84-1.95
@H. Japan  ductal 517 (le 32) NR 291 ER% P g Sjﬁ’ IHC/m  10% b 97 1())1-% sc 8
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) 41-68 0.58-2.16"
LiuC. ER, PR, Her2, — os/ 1.127
China Unselected 130 NR 83 (63.8) Ki-67, T, NR Score=3 c 61 DFS R 7
(2007) (55 me- G,LN Lo 064
dian) 2.63°
Sheen C. Invasive 27 ER.S.T
China breast 102 NR 482 »9n IHC/r  Score=3 a 69.7 0s 235 140304 R 8
(26.5) G,LN
(2008) cancer
) 32-67
LiSl. Invasive 0 L12-
China ductal 67 NR S, T,LN IHC/r  Score=3 c 70.6 oS 3.88 ' R 8
! (62.7) (50.7 me- 13.43
(20] 1) cancer dian)
Sato T. 30-98
USA  Unselected 721 NR (5317 15) @ T,G,LN IHC/r  Score=1 ¢ 150 0S 084" 062-1.12" R 7
. me-
(2011) dian)
Amir S. Invasive 50
Israel ductal 375 NR (3153% ER_E_ P(l;’ ]{{I\e‘rz, THC/r  Score=1 c 108 oS 0.48"  0.28-0.84° R 7
(2013) cancer ’ (median) T
Chen YJ. Invasive 47 32-717 ER, PR, Her2. 2.38 0.60-9.35
China ductal 140 (62.1) 67 (47.9) Ki-67, S, T, IHC/r  Score=1 c 54 [N sC 7
(2013) cancer i (4§i§n[;le_ G,LN 165 0.57-4.76"
Liu X. Invasive 30-73 0300 0:09-1.03"
China ductal 82 NR 31(37.8) - ERf Pg’ E{;rz, IHC/t  Score=1 ¢ 60 [())Fsg ola R 7
cancer me- PR . 14-
(014) dian) 0.34 0.85"
Zhang N.
China  Unselected 379 NR (3‘;‘(;) NR R P?*S\?rz’ HC/r  Score=2 ¢ 166 0S  L14" 0363677 R 8
(2014) ' T
Ales-
ER, PR, Her2,
kanda- UK Unselected 1270 NR o7 NR Ki-67, T, IHC/ 30 c NR css 077" 0.60- R 6
rany M. (53.1) G. LN NR 0.99
(2016) »
Fadia JA. Invasive
UK ductal 384 NR ¢ 525’ g) NR ER T LHT\CIrz’ IHC/r M ¢ 148 css  0.64" 8‘9(‘3; R 6
(2016) cancer . T :

Table 1.N pts, number of patients; NR, not reported; R, reported; HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor; S, stage; G, grade; T, tumor size; LN,
lymph node status; IHC, immunohistochemistry; M, moderate; r, rabbit; m, mouse; THC score, a, Staining intensity; b, Percent of positive cells; ¢, Percent of positive cells multiply staining intensity equals
to final product score; SC, survival curve; OS, overall survival; DFS, disease-free survival; CSS, cancer-specific survival; HR, hazard ratio; 95% CI, 95% confidence interval. ?, phospho-STAT3; ™, HR and
95% CI of CSS; *, HR and 95% CI of DFS.

addition, 10 cohorts investigated the STAT3 and p-STAT3
expression and OS of patients, 3 studies examined DFS,
and 2 studies determined breast CSS (Table 1).
Considering the significant heterogeneity (/> =
76.6%, p value of Q test for heterogeneity test < 0.001),
we adopted the random-effects model to estimate the
pooled outcome. The pooled HR and 95% CI of the OS
for all 10 studies showed no clear relationship to STAT3
and p-STAT3 overexpression (HR = 0.95, 95% CI:
0.62—-1.46, p = 0.808) (Figure 2A). Meanwhile, meta-
analysis adopting the random-effects model revealed that
p-STAT3 expression is unrelated to DFS (HR = 0.69, 95%
CI: 0.18-2.55, p = 0.573). Interestingly, pSTAT3-positive
patients indicate better breast cancer-specific survival than
pSTAT3-negative patients in the random-effects model

(HR =0.68, 95% CI: 0.59-0.78, I*=30.9%, p < 0.001).
Subgroup analyses of HR for the OS of STAT3 and
p-STAT3 expression were performed. First, subgroup
analysis was performed to estimate whether biomarkers
(STAT3 and p-STAT3) of breast cancer are different
from the analysis above (Figure 2B). Results showed
that p-STAT3-positive patients have significantly
higher OS than their counterparts (combined HR =
0.66, 95% CI: 0.45-0.97) in the random-effects model.
Considering that >= 39.1% and p value of Q test for
heterogeneity test = 0.131, we tested p-STAT3 again
in the fixed-effects model (HR = 0.72, 95% CI: 0.57—
0.91) (Figure 2C). However, another outcome displayed
a significant degree of heterogeneity in the STAT3
subgroup (>= 72.7%, p value of Q test for heterogeneity
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test < 0.1). Accordingly, we performed heterogeneity
test and sensitivity analysis. Dolled F. (2003) performed
a heterogeneity test by applying the Galbraith plot
(Figure 2D). Subsequently, we calculated pooled HRs
again for the OS of STAT3 before and after excluding
the heterogeneity test. Results showed that STAT3
overexpression reduces OS (HR = 1.87, 95% CI: 1.42—
2.45, p <0.001) when the result of the heterogeneity test
is excluded (HR = 1.56, 95% CI: 0.84-2.90, p = 0.163)
(Table 2, Figure 2E and 2F). In all outcomes mentioned
above, a difference between STAT3 and p-STAT3
expression for OS in breast cancer was observed. We
also performed subgroup analysis according to race
(Asian and non-Asian), year (published before and after
2010), patient number (over and under 100 patients),
and IHC scoring method (multiplied score and staining
intensity or percent of positive cells) (Table 3). Overall,
no significant association was observed. However, the
subgroup analysis of non-Asian participants (0.57, 95%
CI: 0.37-0.88, ’= 50.7%, p = 0.012) predicted good
OS.

The p value of Egger’s test (p = 0.791) did not
indicate publication bias.

Potentially relevant publication
screened for retrieval (n=1380)

DISCUSSION

STAT?3 is a vital cytoplasmic transcription factor,
and activated STAT3 (p-STAT3) is upregulated by aberrant
upstream tyrosine kinases; p-STAT3 transports information
to the nucleus and controls gene expression, which is
essential for cancer cell growth and survival [1]. Xu YH
et al. (2014) performed a meta-analysis of 17 retrospective
trials, including 1793 patients with non-small-cell lung
cancer. They found that positive STAT3 expression in
patients is associated with poorly differentiated, advanced
stage, lymph node metastasis. They also revealed that
the estimated pooled HR (0.67, 95% CI: 0.57-0.77) is
statistically significant for the OS of patients with non-
small-cell lung cancer (p < 0.0001) [22]. Li MX et al.
(2015) performed a meta-analysis of the digestive system
by enrolling 22 studies with 3585 patients. Similarly,
they found that p-STAT3 overexpression is related to
tumor differentiation and lymph node metastases. On the
relationship between breast tumor and STAT3/p-STAT3
expression, the overexpression of STAT3 and p-STAT3
also exerts a similar effect on non-small-cell lung cancer

A 4

Publication excluded: non-original
articles, reviews, case reports,
animal model, cell, west-blotting
and PCR results (n=1280)

text assessment (n=100)

Potentially relevant studies for full-

!

Publication excluded:
5 Duplicated publications
83 Absent survival data

Publication included in the meta-
analysis (n=12)

Figure 1: Flow diagram of reviewed relevant publications.
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Table 2: Test of heterogeneity and sensitivity analysis in the STAT3 subgroup

. . Heterogeneity Pooled effect
Sensitivity analysis
I P value of Q test HR and 95% CI P value
Include Dolled F. (2003) 72.7% 0.005 1.56 (0.84-2.90)* 0.163
Exclude Dolled F. (2003) 49.10% 0.117 1.87 (1.42-2.45)" 0.000

Table 2.2, random-effects model; ®, fixed-effects model.

Table 3: HR value of the overall survival in breast cancer subgroups according to year, N pts,
methods of detecting STAT3 expression, biomarker, race

Pooled HR (95% CI) Random

Stratification effects IX(%) p value of Q test
Year
<2010 0.85(0.41-1.78) 82.3 0.000
> 2010 0.98 (0.58-1.65) 63.8 0.011
N pts
> 100 0.94 (0.60-1.45) 76.8 0.000
< 100 1.08 (0.09-13.22) 88.0 0.004
IHC scoring method
Multiply score 0.93 (0.56-1.52) 59.2 0.016
Non-multiply score 0.92 (0.42-2.02) 85.6 0.000
Biomarker
STAT3 1.87 (1.42-2.45) 49.1 0.117
P-STAT3 0.72 (0.57-0.91) 39.1 0.131
Race
non-Asian 0.57 (0.37-0.88) 50.7 0.108
Asian 1.42 (0.88-2.31) 58.5 0.018

Table 3. N pts, number of patients; IHC, immunohistochemistry; HR, hazard ratio; 95% CI, 95% confidence interval.

and digestive system cancer in poorly differentiated,
advanced stage, lymph node metastasis [23]. Considering
that the estimated pooled HR (0.90, 95% CI: 0.63—1.28, p
=0.557) is unrelated to OS, Li CY et al. (2016) conducted
a subgroup analysis and found that the pooled HRs
of OS differ with the origin change of population [2].
Consequently, we performed the present meta-analysis
to determine whether the combined effect of HR between
positive STAT3/pSTAT3 expression and OS is similar.
This meta-analysis involves 12 studies and 4513
female patients with breast cancer. This study found
no clear relationship between OS and high STAT3 and
p-STAT3 expression (HR = 0.95, 95% CI: 0.62—1.46,
p > 0.05). Thus, we reviewed the enrolled literature
searches again and found that both Sheen C. (2008)
and Li SJ. (2011) reported that STAT3 is related to poor
clinicopathological parameters and poor OS [15, 16].
However, both Sonnenblick A. (2013) and Liu X. (2014)
testified that p-STAT3 is a marker of good prognosis in
breast cancer [4, 18]. Therefore, we analyzed whether
the pooled insignificant HR is interconnected with

different biomarkers (STAT3 and p-STAT3) of breast
cancer. We performed subgroup analysis and found that
STAT3 overexpression reduces OS (HR = 1.87, 95%
CIL: 1.42-2.45, = 49.10%, p < 0.001) in the fixed-
effects model when the results of the heterogeneity test
involving patients with node-negative breast cancer are
excluded. Chen YJ. et al. (2013) reported that positive
p-STAT3 expression possibly indicates poor OS in
breast cancer because it is significantly associated with
tumor formation, migration, and invasion. By contrast,
our meta-analysis found that pooled positive p-STAT3
expression indicates significantly better OS (HR = 0.72,
95% CI =0.57-0.91, = 39.1%, p = 0.006) in the fixed-
effects model. Prior studies on other types of cancer have
reported a similar observation. Monnien F et al. (2010)
detected the nuclear expression of p-STAT3 in 104
cases of advanced rectal cancer (T3-T4) by IHC [24].
They argued that the OS of p-STAT3-positive patients
is significantly higher than that of their counterparts.
However, the underlying mechanisms remain unclear. A
possible explanation is that p-STAT3-positive patients
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may be associated with better response to neoadjuvant
and adjuvant chemotherapy because activated p-STAT3
could contribute to microtubule formation and promote
tumor cell dissemination. Meanwhile, neoadjuvant or
adjuvant chemotherapy, such as Paclitaxel, possibly
inhibits microtubule formation and transactivation activity.
By contrast, neoadjuvant therapy may inhibit STAT3
phosphorylation and may negatively impact dimerization.
Yuan B et al. (2008) detected the nuclear expression of
p-STAT?3 before and after neoadjuvant therapy in 50 cases
of cervical cancer [25]. They found that the proportion of
genes in high expression level of p-STAT3 decreased from
92% to 76% (p = 0.001). Similarly, Sonnenblick A. et al.
(2013) claims that high p-STAT3 expression is connected
with improved OS only among breast cancer patients
who received adjuvant chemotherapy [18]. These results
indicate that p-STAT3 is a potential molecular biomarker

A

for predicting chemotherapeutic effect, and patients with
positive p-STAT3 could easily benefit from chemotherapy.
Furthermore, both targeting STAT3 for blocking either
dimerization or STAT3 phosphorylation and targeting
p-STAT3 can directly improve prognosis. This condition
may also be the reason why the pooled effect predicts
better breast CSS with p-STAT3 overexpression (p <
0.001). Nevertheless, trials associated with breast cancer
CSS and DFS were relatively rare. We expect an updated
pooled effect about both CSS and DFS through further
validation using a large cohort of patients and prospective
randomized data in breast cancer.

Additionally, STAT3 is phosphorylated by various
upstream genes. Tell RW et al. (2014) demonstrated that
p70S6K phosphorylation and JNK signaling could induce
pSTAT3 formation in basal-like cancers, SRC Y527 and EGFR
Y1068 phosphorylation prompt STAT3 phosphorylation
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Figure 2: Meta-analysis for the overall survival of positive STAT3 and p-STAT3 expression in patients with breast
cancer. (A) Forest plot of pooled hazard ratios (HR) for the pool overall survival (OS); (B) HR for different biomarker subgroup analysis;
(C) HR for the OS of positive p-STAT3 expression in the fixed-effects model; (D) Galbraith plot for the heterogeneity test of positive STAT3
expression; (E and F) HR for the OS of positive STAT3 expression before (E) and after (F) excluding the results of the heterogeneity test.
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in luminal A, and PKC o S657 and YB-1 S102 stimulate
STAT3 phosphorylation in luminal B-type breast cancers
[26]. Meanwhile, Li GC et al. (2014) revealed that continuing
STAT3 signal mediates trastuzumab resistance through the
overexpression of MUC1 and MUC4 in primary HER2-
positive breast cancer. Then, silencing both MUC1 and MUC4
could mostly recover trastuzumab sensitivity [27]. Different
upstream gene expressions related to STAT3 signaling have
different impacts on human breast cancer subtype [28]. Thus,
we hypothesize that various upstream signaling pathways
of STAT3 contribute to distinct prognosis in different breast
cancer subtypes. Unfortunately, limited research focused
on the prognostic role of STAT3 tumor cell expression in
different molecular subtypes. Therefore, additional evidence is
necessary to verify the association between STAT3 activation
and OS in different breast cancer subtypes.

Although the present meta-analysis suggests the
absence of publication bias (p > 0.1), we could not prevent
potential bias among these studies. Despite our significant
efforts to gather additional relevant information,
publication bias was still inevitable. Small-sample or
negative studies are unlikely to be accepted and published.
Furthermore, some reports did not offer sufficient data
for HRs and 95% CIs. We obtained data by reading the
survival rates presented on the graphical survival plot.
Nevertheless, this method cannot completely eliminate
inaccuracy. Authentic conclusions cannot be drawn in the
absence of all relevant information. Thus, large-scale RCT
studies with long-term follow up and a full description of
survival events are indispensable.

In conclusion, positive STAT3 expression may
indicate poor OS. However, p-STAT3, as a potential
molecular biomarker for predicting chemotherapeutic
effect, appears to have better prognostic value than STAT3.

CONCLUSIONS

Positive STAT3 expression may indicate poor OS.
However, p-STAT3, as a potential molecular biomarker for
predicting chemotherapeutic effect, appears to have better
prognostic value than STAT3.

Abbreviations

STAT3--signal transducer and activator of
transcription 3, p-STAT3--phospho-STAT3, OS--overall
survival, HR--hazard ratio, CI--confidence interval, DFS-
-disease-free survival, CSS-- cancer-specific survival,
IHC--immunohistochemistry, ER--estrogen receptor, PR-
-progesterone receptor, HER2--human epidermal growth
factor receptor 2.

ACKNOWLEDGMENTS AND FUNDING

We would like to thank the authors of all selected
studies that provided sufficient data in the present

study. This study was supported by the Development
of Sichuan Science and Technology Agency Fund
Project (0040205301C24). The funders had no role in
the development of the study design, data collection
and analysis, decision to publish, or preparation of the
manuscript.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Niu G, Wright KL, Huang M, Song L, Haura E, Turkson J,
Zhang S, Wang T, Sinibaldi D, Coppola D, Heller R, Ellis
LM, Karras J, et al. Constitutive Stat3 activity up-regulates
VEGF expression and tumor angiogenesis. Oncogene.
2002; 21:2000-8.

2. LiCY, Lin XM, Lin XG, He RQ, Huang LS, Xiao XL, Chen
G, Feng ZB, Wei KL. Clinicopathological significance
and prognostic value of signal transducer and activator of
transcription 3 (STAT3) and phospho-STAT3 expression in
breast cancer: a meta-analysis of 4031 cases. International
Journal of Clinical and Experimental Medicine. 2016;
9:17295-308.

3. Chen YJ, Wang J, Wang XD, Liu XJ, Li HJ, Lv Q, Zhu
J, Wei B, Tang Y. STAT3, a Poor Survival Predicator, Is
Associated with Lymph Node Metastasis from Breast
Cancer. J Breast Cancer. 2013; 16:40-9.

4. Liu X. The Expression and Prognostic Value of p-STAT3 in
Breast Cancer. D DaLian Medical University. 2014.

5. Zhou ZR, Zhang TS, Li B. Extracting and transforming of
appropriate data of Meta-analysis in survival curve. Chin J
Evid Based Cardiovasc. 2014; 6:243-7.

6. Stang A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies
in meta-analyses. Eur J Epidemiol. 2010; 25:603-5.

7. Lau J, loannidis JP, Schmid CH. Quantitative synthesis in
systematic reviews. Ann Intern Med. 1997; 127:820-6.

8. Matthias E, Davey SG, Martin S. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997; 315:629—
34.

9. YuS, Li G, Wang Z, Wang Z, Chen C, Cai S, He Y. The
prognostic value of pSTAT3 in gastric cancer: a meta-
analysis. J Cancer Res Clin Oncol. 2016; 142:649-57.

10. Xia H, Shen J, Chen S, Huang H, Xu Y, Ma H.
Overexpression of VEGF-C correlates with a poor
prognosis in esophageal cancer patients. Cancer Biomark.
2016; 17:165-70.

11. Kong H, Zhang Q, Zeng Y, Wang H, Wu M, Zheng T, Zeng
Y, Shi H. Prognostic significance of STAT3/phosphorylated-
STAT3 in tumor: a meta-analysis of literatures. International
Journal of Clinical and Experimental Medicine. 2015;
8:8525-39.

www.impactjournals.com/oncotarget

Oncotarget



12.

13.

14.

15.

16.

17.

18.

19.

20.

Dolled-Filhart M, Camp RL, Kowalski DP, Smith BL,
Rimm DL. Tissue microarray analysis of signal transducers
and activators of transcription 3 (Stat3) and phospho-Stat3
(Tyr705) in node-negative breast cancer shows nuclear
localization is associated with a better prognosis. Clinical
Cancer Research. 2003; 9:594-600.

Yamashita H, Nishio M, Ando Y, Zhang Z, Hamaguchi M,
Mita K, Kobayashi S, Fujii Y, Iwase H. Stat5 expression
predicts response to endocrine therapy and improves
survival in estrogen receptor-positive breast cancer. Endocr
Relat Cancer. 2006; 13:885-93.

Cong L, Sheng Z, Chang Shu K, Na Ping L, Ren Liang W.
Activation and Prognostic Significance of AKT. NF-KB
and STAT3 in Breast Cancer with Lymph Node Metastasis
and Estrogen Receptor Expression. Chinese Journal of
cancer. 2007; 26:929-36.

Sheen Chen SM, Huang CC, Tang RP, Chou FF, Eng
HL. Prognostic value of signal transducers and activators
of transcription 3 in breast cancer. Cancer Epidemiol
Biomarkers Prev. 2008; 17:2286-90.

Li S, Jia H, Han B, Wu D, Fu T. Expression of STAT3
protein in human breast cancer tissue and its clinical
significances. Journal of Jilin Univeristy Medicine edition.
2011; 37:72-5.

Sato T, Neilson LM, Peck AR, Liu C, Tran TH, Witkiewicz
A, Hyslop T, Nevalainen MT, Sauter G, Rui H. Signal
transducer and activator of transcription-3 and breast cancer
prognosis. American Journal of Cancer Research. 2011;
1:347-55.

Sonnenblick A, Uziely B, Nechushtan H, Kadouri L,
Galun E, Axelrod JH, Katz D, Daum H, Hamburger T,
Maly B, Allweis TM, Peretz T. Tumor STAT3 tyrosine
phosphorylation status, as a predictor of benefit from
adjuvant chemotherapy for breast cancer. Breast Cancer
Research and Treatment. 2013; 138:407-13.

Zhang N, Ma ZP, Wang J, Bai HL, Li YX, Sun Q, Yang
L, Tao L, Zhao J, Cao YW, Li F, Zhang WJ. Human
papillomavirus infection correlates with inflammatory Stat3
signaling activity and IL-17 expression in patients with
breast cancer. American Journal of Translational Research.
2016; 8:3214-26.

Aleskandarany MA, Agarwal D, Negm OH, Ball G, Elmouna
A, Ashankyty I, Nuglozeh E, Fazaludeen MF, Diez-Rodriguez

21.

22.

23.

24.

25.

26.

27.

28.

M, Nolan CC, Tighe PJ, Green AR, Ellis 10, et al. The
prognostic significance of STAT3 in invasive breast cancer:
analysis of protein and mRNA expressions in large cohorts.
Breast Cancer Research and Treatment. 2016; 156:9-20.

Fadia JA, McMillan DC, Edwards J. The relationship
between total and phosphorylated STAT1 and STAT3
cell expression, components of
microenvironment and survival in patients with invasive
ductal breast cancer. Oncotarget. 2016; 7:77607-21. http://
doi.org/10.18632/oncotarget.12730.

Xu YH, Lu S. A meta-analysis of STAT3 and phospho-
STAT3 expression and survival of patients with non-small-
cell lung cancer. Eur J Surg Oncol. 2014; 40:311-7.

Li MX, Bi XY, Huang Z, Zhao JJ, Han Y, Li ZY, Zhang YF,
LiY, Chen X, Hu XH, Zhao H, Cai JQ. Prognostic Role of
Phospho-STAT3 in Patients with Cancers of the Digestive
System: A Systematic Review and Meta-Analysis. PLoS
One. 2015; 10:e0127356.

Monnien F, Zaki H, Borg C, Mougin C, Bosset JF, Mercier
M, Arbez-Gindre F, Kantelip B. Prognostic value of
phosphorylated STAT3 in advanced rectal cancer: a study
from 104 French patients included in the EORTC 22921
trial. J Clin Pathol. 2010; 63:873-8.

Yuan B, Wang WL, Deng KH. The significance of p-STAT3
and Ki-67 expression before and after chemotherapy in

tumour tumour

carcinoma of cervix. Junlo ai n Inia nooy. 2008; 21:188-190.

Tell RW, Horvath CM. Bioinformatic analysis reveals a
pattern of STAT3-associated gene expression specific to
basal-like breast cancers in human tumors. Proc Natl Acad
Sci USA. 2014; 111:12787-12792.

Li GC, Zhao LK, Li W, Fan KX, Qian WZ, Hou S, Wang
H, Dai JX, Wei HF, Guo YJ. Feedback activation of STAT3
mediates trastuzumab resistance via upregulation of MUC1
and MUC4 expression. Oncotarget. 2014; 5:8317-8329.
http://doi.org/10.18632/oncotarget.2135.

Sonnenblick A, Brohee S, Fumagalli D, Vincent D, Venet
D, Ignatiadis M, Salgado R, Van den Eynden G, Rothe F,
Desmedt C, Neven P, Loibl S, Denkert C, et al. Constitutive
phosphorylated STAT3-associated gene signature is
predictive for trastuzumab resistance in primary HER2-
positive breast cancer. BMC medicine. 2015; 13:177.

www.impactjournals.com/oncotarget

13067

Oncotarget



