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Abstract: The molecular biomarker trefoil factor 3 (TFF3) is reported that plays important role in the pathogenesis of 
gastric cancer (GC). However, it is still controversial whether TFF3 expression can be regarded as a prognostic factor 
for GC patients. Here we performed a meta-analysis to evaluate the value of TFF3 for its survival prognostic indica-
tor and predictive correlation with clinicopathological features in GC. Eligible studies were identified from PubMed, 
Embase and Web of science. The odd sratio (OR) and hazard ration (HR) with their 95% confidence intervals (CI) 
were calculated using Review Manager version 5.3. Finally 8 studies involving 1170 patients with GC were in-
cluded in this meta-analysis. Our results showed that TFF3 overexpression was significantly associated with poorer 
overall survival (HR=1.86, 95% CI=1.26-2.74, P=0.002) and disease free survival (HR=2.29, 95% CI=1.48-3.56, 
P=0.0002) in GC. Moreover, TFF3 overexpression was also significantly associated with histological type (OR=1.69, 
95% CI=1.31-2.17, P<0.0001), lymph node metastasis (OR=2.05, 95% CI=1.61-2.62, P<0.00001), the depth of 
invasion (OR=1.37, 95% CI=0.99-1.88, P=0.05) and tumor TNM stage (OR=2.00, 95% CI=1.36-2.97, P=0.0005). 
However, none of other demographic parameters such as age and gender were associated with TFF3 expression. 
In conclusions, our results indicating that TFF3 overexpression could be regarded as a novel prognostic factor for 
gastric cancer patients, which may help to better guide clinical decision-making.
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Introduction

Gastric cancer (GC) is one of the most common 
malignancies and ranks the second cause of 
cancer deaths worldwide [1]. Although the diag-
nostic capabilities and therapeutic methods 
have improved, but the prognosis for GC 
patients still remains poor, especially in those 
in the advanced stage [2]. Current biomarkers 
(such as CEA and CA-199) lack specificity and 
sensitivity for earlier diagnosis and prognostic 
significance of GC, which limited efficiency of 
current treatment for advanced GC and lack  
of molecular markers for targeted therapy. 
Therefore, detecting new molecular mecha-
nisms involved in gastric carcinogenesis is criti-
cal for the improvement of diagnosis, therapy, 
and prognosis prediction of GC.

Recently, the mechanism of Trefoil factor 3 
(TFF3) inducing tumorigenesis and progression 
has become a hotspot [3]. TFF3 is a member of 
the TFF gene family which mainly expressed in 
the gastrointestinal tract and other epithelial 

tissues, it encodes a series of small mucin-
associated polypeptides [4], and play an impor-
tant role in maintaining mucosal integrity [5]. In 
the gastrointestinal tract, TFF3 is a major com-
ponent of goblet cells and mainly expressed in 
the cytoplasm [6, 7]. Normal gastric mucosa is 
essentially negative for TFF3, however, TFF3 
strongly positive was observed in goblet cells of 
intestinal metaplasia [8]. Several studies have 
been suggested that TFF3 was involved in car-
cinogenesis and/or progression of human 
malignancies [7, 9-14]. Many retrospective arti-
cles have been evaluated whether TFF3 overex-
pression may be a prognostic factor for survival 
in patients with GC. However, the results of 
these articles are inconclusive and no consen-
sus has been reached. It is necessary to  
investigation whether TFF3 expression can be re- 
garded as a prognostic biomarker in GC. Ac- 
cordingly, we performed a meta-analysis to 
evaluate the association between various clini-
copathological characteristics and TFF3 expres-
sion in patients with GC.
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Material and methods

Search strategy and study selection

Eligible articles published were searched in the 
PubMed, Embase and Web of science for the 
last time on November, 2016. The search strat-
egies using the following terms “gastric cancer, 
stomach cancer, gastric carcinoma, gastric 
tumor or gastric neoplasm”, “TFF3 or trefoil fac-
tor 3”, and “prognosis, survival or outcome”. 
The references cited by the primary studies 
were also reviewed to make up missing search 
of the strategies. The most recently or larger 
sample size studies was selected when dupli-
cated data were published.

Inclusion and exclusion criteria

Eligible studies must meet the following crite-
ria: (1) the expression of TFF3 in the primary 
gastric cancer tissue was evaluated by immu-
nohistochemistry (IHC); (2) studies investigated 
the association between TFF3 expression and 
prognosis of patients (overall survival [OS] and/
or disease free survival [DFS]); (3) studies 
described the correlation between TFF3 and 
clinicopathological features in GC; (4) the medi-
an follow-up period was no less than 24 
months; (5) only published studies written in 
English. The exclusion criteria were: (1) studies 

expression rate of TFF3, detection method, cut-
off value, follow-up time, hazard ratios (HRs) for 
overall survival (OS) or disease-free survival 
(DFS) and their 95% confidence intervals (CIs), 
clinicopathological features. HRs and 95% CIs 
were directly extracted from articles or estimat-
ed from Kaplan-Meier survival curves by the 
open digitizing program (Engauge Digitizer) and 
Tierney’s methods [15]. The quality of included 
studies was assessed by using Newcastle-
Ottawa Quality Assessment Scale (NOS) [16]. 
The NOS was composed of eight questions with 
a full score of 9, and studies with scores ≥6 
were considered as high quality.

Statistical analysis

The meta-analysis was performed using Review 
Manager version 5.3 (CochraneCollaboration, 
Oxford, UK). Heterogeneity across eligible stud-
ies was evaluated by Cochran’s Q test and I2 
test (A p-value <0.10 for the Q-test or I2>50% 
represented statistically significant hetero- 
geneity). The fixed-effects model or random-
effects model was used depending on the 
above heterogeneity analysis. HRs and 95% CIs 
were applied to estimate the impact of TFF3 on 
OS or DFS, while ORs and 95% CIs were used to 
assess the association between TFF3 expres-
sion and clinicopathological characteristics in 
GC. Subgroup analyses were stratified by sur-

Figure 1. Flow chart of the study 
selection process.

were reviews, letters or con-
ference papers; (2) studies 
were not performed in hu- 
mans; (3) articles were failed 
to report sufficient data for 
determining desired meta-
analysis outcomes.

Data extraction

All candidate articles were 
carefully assessed by two 
independent reviewers (Gang 
Liu and Tao Wan) for possible 
inclusion, any disagreements 
were resolved by discussion 
between the two reviewers or 
consultation with a third re- 
viewer (Zheng-jie Huang). The 
following information was cap-
tured from all included stud-
ies: first author, country, publi-
cation year, number of pa- 
tients, patient ages and gen-
ders, TNM stage, positive 
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vival analysis method, age, gender, histological 
type, lymph node metastasis, the depth of inva-
sion and TNM stage. In order to verify the 
robustness of conclusions, sensitivity analyses 
were conducted by sequential exclusion of 
each included study. In addition, publication 
bias was also estimated using funnel plots. All 
of the generated p values <0.05 was defined as 
statistically significant.

Results

We initially identified 464 relevant studies 
through the search strategy. After the imple-
mentation of the inclusion criteria mentioned 
above, finally a total of 8 studies [6, 7, 13, 14, 
17-20] involving 1170 patients were included in 
current meta-analysis. The studies selection 
process was shown in Figure 1. The 8 eligible 
studies were published between 2002 and 
2015, of these, 5 studies were from China, 1 
from Japan, 1 from Korea, and 1 from American. 
The sample sizes ranged from 90 to 292. All 8 
studies utilized the IHC method for TFF3 expres-
sion detection. Among them, 7 studies explored 

the prognostic role of TFF3 in OS, and 2 studies 
investigated the prognostic impact of TFF3 in 
DFS. HRs and 95% CIs were extracted directly 
from the 6 studies [7, 13, 14, 18-20] and esti-
mated by Kaplan-Meier survival curves in 2 
studies [6, 17]. The main characteristics of 
included studies have been presented in Table 
1.

As displayed in Table 2, the quality assessment 
of all eligible studies was performed by the 
modified Newcastle-Ottawa Scale. The median 
quality scores of these studies was 8, indicat-
ing that the methodological quality was rela-
tively high. Of note, for the correlation between 
TFF3 high expression and survival outcome in 
GC, no study attempted to control other con-
founding prognostic factors, such as variation 
of treatment.

Impact of TFF3 overexpression on survival 
outcome of GC

The pooled HRs indicated that TFF3 overex-
pression was significantly correlated with poor 

Table 1. Characteristics of the included studies

Author Country Years N TFF3 
positive (%)

Method
(cut-off value) TNM Fellow-up 

(months) Outcome HR (95% CI) Date 
extract

Yamachika Japan 2002 209 114 (54.5) IHC (>10%) I-IV 72 OS 1.49 (0.89-2.49) Curve
Dhar American 2005 111 49 (44.1) IHC (Score >4) I-IV 120 DFS 3.05 (1.32-7.04) Direct
Im Korea 2013 292 129 (44.18) IHC (Score >3) I-III 84 OS 1.17 (0.66-2.07) Direct
Ding China 2013 142 63 (44.37) IHC (Score >3) NA 60 OS 3.41 (3.39-8.14) Direct
Meng China 2013 90 46 (51.1) IHC (>5%) I-IV 108 OS 1.13 (0.73-1.74) Curve
Xu China 2013 126 59 (46.83) IHC (Score >3) I-III 50 DFS 2.06 (1.23-3.45) Direct

OS 2.09 (1.14-3.82)
Li China 2014 108 57 (52.78) IHC (Score ≥3) NA 50 OS 2.02 (1.20-3.39) Direct
Gu China 2015 92 42 (45.65) IHC (>5%) I-III 84 OS 2.33 (1.20-4.50) Direct
HR, hazard ratio; CI, confidence interval; N, number of patients; IHC, immunohistochemistry; NA, not available; OS, overall survival; DFS, disease-
free survival.

Table 2. The quality assessment of included studies based on the NOS

Author
Representativeness 

of the exposed  
cohort

 Selection 
unexposed 

cohort

Ascertainment  
of exposure

Outcome 
not present 
at the start 
of the study

Control for  
Important  

factors 

Assessment 
of outcomes

Adequacy 
of follow-up

Length of 
follow-up

Quality  
scores

Yamachika * * * * * * * 7
Dhar * * * * ** * * * 9
Im * * * * * * * * 8
Ding * * * * * * * * 8
Meng * * * * * * * 7
Xu * * * * * * * * 8
Li * * * * * * * * 8
Gu * * * * ** * * * 9
NOS, Newcastle-Ottawa Quality Assessment Scale.
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Figure 2. Forest plots for the association between TFF3 overexpression and OS (A)/DFS (B) in GC.
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OS inGC patients (HR=1.86, 95% CI=1.26-2.74, 
P=0.002). Owing to the test for heterogenei- 
ty in the 7 studies was significant, therefore,  
arandom-effects model was used (I2=77%; 
P=0.0002) (Figure 2A). Furthermore, we also 
evaluated the correlation between TFF3 exp- 
ression and DFS from 2 included studies. The 
result from the DFS analyses was consistent 
with that from the OS analysis (HR=2.29, 95% 
CI=1.48-3.56, P=0.0002), and no significant 
heterogeneity among the 2 studies was found 
(I2=0, P=0.43) (Figure 2B).

The correlation between TFF3 expression and 
clinicopathological features in GC

As shown in Figure 3, the correlation between 
TFF3 overexpression and age, gender, histo-
logical type, lymph node metastasis, the depth 
of invasion and tumor TNM stage also was 
explored in our meta-analysis. According to the 
results of evidence synthesis, we found that 

TFF3 overexpression was significantly correla-
tion with histological type (OR=1.69, 95% CI= 
1.31-2.17, P<0.0001), lymph node metasta- 
sis (OR=2.05, 95% CI=1.61-2.62, P<0.00001), 
the depth of invasion (OR=1.37, 95% CI=0.99-
1.88, P=0.05) and tumor TNM stage (OR=2.00, 
95% CI=1.36-2.97, P=0.0005). However, none 
of other clinicopathological parameters such  
as age (OR=1.11, 95% CI=0.87-1.41, P=0.42) 
and gender (OR=0.79, 95% CI=0.62-1.01, 
P=0.06) were associated with TFF3 expression. 
The significant heterogeneity was not observed 
in all subgroup analyses of TFF3 expression 
with histological differentiation. Thus, a fixed-
effects model was employed for the subgroup 
analysis.

Sensitivity analysis and publication bias

Each single study was deleted each time to 
reveal the influence of individual study on the 
observed overall effect size, and the results of 

Figure 3. Forest plots for the correlation of GLUT-1 and Clinicopathological factors in GC:age (>60 vs. <60) (A); 
gender (male vs. female) (B); histological type (poor vs. well+moderate) (C); lymph node metastasis (Positive vs. 
Negative) (D); depth of invasion (T2-T4 vs. T1) (E); tumor TNM stage (II-III vs. I) (F).
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sensitivity analysis indicated that the pooled 
HRs and ORs were not significantly influenced 
by any single study. Moreover, no significant 
publication bias for OS was demonstrated by 
visual inspection of the funnel plot. The above 
test results demonstrated that the findings of 
the current meta-analysis are credible (Figure 
4). 

Discussion

Considering of the high morbidity and mortali- 
ty of gastric cancer, researchers have been 
dedicated to identify available new prognostic 
markers to achieve better clinical decision-
making regarding therapy and outcomes in 
past decades. In order to understand the prog-
nostic significance of a potential biomarker, it is 
greatly necessary to acquire a relatively large 
sample size and conduct comprehensive evalu-
ation by gather and synthesize as much data as 
possible on the topic [21]. 

As a novel biomarker, many studies indicated 
that TFF3 overexpression was associated with 
poor survival outcome of GC patients [6, 7, 13, 
14, 17-20]. However, there was no consensus 
be reached on the conclusion. As far as we 
know, our meta-analysis clarifies the controver-
sial issue for the first time. The results form evi-
dence synthesis indicated that TFF3 overex-
pression could be regarded as an available 
prognostic factor for OS and DFS in GC, in addi-
tion, it also revealed that TFF3 expression was 
significantly associated with high risk of histo-
logical type, lymph node metastasis, the depth 
of invasion and tumor TNM stage. 

ducers and activatorsof transcription 3 (STAT3) 
pathway. Recently, other studies also reported 
that the mRNA expressions of vascular endo-
thelial growthfactor (VEGF) and hypoxiainduc-
ible transcriptionfactor-1α (HIF-1a) are up-regu-
lated through TFF3 overexpression, which 
implicated a theory that TFF3 might be applied 
as a potential targeted therapy for GC [10, 11, 
26]. All the same, more studies are required to 
analyze the specific molecular mechanism of 
TFF3 overexpression promoting the initiation 
and development of gastric cancer. 

Although our findings are promising, the meta-
analysis has several limitations. First, the sam-
ple size of most included studies was relatively 
small. Second, the relatively high variability for 
detection the expression of TFF3 protein by dif-
ferent studies could partly be attributed to the 
inconsistent cut-off points, staining procedure 
and antibodies of IHC. Third, most of the includ-
ed studies were retrospective studies rather 
than randomized prospective studies. There- 
fore, an well-designed prospective study with 
stricter quality criteria will contribute to further 
improve the reliability of pooled conclusions.

In conclusion, our study demonstrated that 
TFF3 high expression was significantly associ-
ated with poor OS and DFS in GC. Moreover, 
TFF3 expression was also significantly correlat-
ed with poor histological type, presence of 
lymph node metastasis and advanced TNM 
stage. This information may be valuable for 
screening anti-TFF3 therapy in future clinical 
trials.

Figure 4. Publication bias using funnel plots for OS.

TFF3 is a soluble peptide and 
member of the trefoil peptide 
family, which is conserved 
among species and has trefoil 
domain and C-terminal dimer-
ization domain [22]. Some 
studies reported that TFF3play 
a key role in the reconstitution 
of the mucosal barrier to pro-
tect the epithelial layer against 
environmental injury [23, 24].

Furthermore, TFF3 could pre-
serve the integrity of the gas-
tric mucosal epithelium by acti-
vating the PI3K/Akt signaling 
axis [25], as well aspromote 
tumorigenesis via activating 
the Leptin/ObRb/signal trans-
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