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Background: The overexpression of transcriptional coactivator with PDZ-binding motif (TAZ), 

a Hippo pathway effector, was detected in a variety of cancers. However, controversies remain 

in published studies on the prognostic value of TAZ expression in cancer. We performed a 

meta-analysis to demonstrate the prognostic significance of TAZ in overall survival (OS) and 

its association with clinicopathologic characteristics.

Methods: A systematic literature search was performed by using PubMed, EMBASE, and 

Web of Science databases for eligible studies investigating the association between TAZ and 

survival. After extracting data, we used hazard ratio (HR), odds ratio (OR) and 95% confidence 

intervals (95% CIs) for association evaluation, I2 for heterogeneity across studies, and Egger’s 

test and Begg’s funnel plot for publication bias assessment.

Results: A total of 15 studies including 2,881 patients were analyzed. Pooled results showed 

that a high TAZ was significantly associated with poor OS (HR =1.82, 95% CI =1.58–2.11; 

I2=33%; P=0.11). Subgroup analysis indicated significant correlation between TAZ overex-

pression and OS in patients stratified by ethnicity, sample size, sample source, and staining 

location. Furthermore, TAZ overexpression was associated with worse OS in hepatocellular 

carcinoma (HR =2.26, 95% CI =1.43–3.57; P=0.49) and gastrointestinal cancers (HR =2.00, 95% 

CI =1.54–2.58; P=0.97), but not in non-small-cell lung cancer (HR =1.71, 95% CI =0.93–3.14; 

P=0.08). TAZ overexpression was also found to be significantly associated with some clini-

copathologic characteristics, including TNM stage (OR =2.56, 95% CI =1.60–4.11; P=0.52), 

tumor differentiation (OR =3.08, 95% CI =1.25–7.63; P=0.01), and lymph node metastasis 

(OR =2.53, 95% CI =1.81–3.53; P=0.58).

Conclusion: TAZ overexpression is not only a predictive factor of poor prognosis but also 

associated with advanced TNM stage, poor tumor differentiation, and lymph node metastasis.

Keywords: Hippo pathway, TAZ, cancer, prognosis, meta-analysis, overall survival

Introduction
Transcriptional coactivator with PDZ-binding motif (TAZ; also known by gene 

name WW domain-containing transcription regulator 1, WWTR1) functions as a key 

effector in Hippo pathway cascade, which controls the balance between proliferation 

and apoptosis and regulates organ size through interaction with various transcription 

factors, particularly TEA domain family members.1 It has been well-documented that 

TAZ is involved in many cellular progresses, such as induction of proliferation, migra-

tion and increased metastatic potential, and inhibition of apoptosis, among others.2,3 

Highly expressed TAZ has been observed in a broad range of cancers. Moreover, poor 

prognostic outcomes seem to be associated with high TAZ expression.4 However, the 

results are controversial. Some studies also revealed no significant association between 

TAZ and survival outcomes.5 We conducted this meta-analysis to address limitations 
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of single study, as well as to find the precise significance of 

TAZ expression in the prognosis of various cancers.

Methods
Search strategy and selection criteria
A comprehensive search in online PubMed, EMBASE, 

and Web of Science databases was conducted to identify 

all relevant articles focusing on the association between 

TAZ expression and cancer prognosis published up to 

December 1, 2015. We used the following keywords and their 

combinations to search the databases: “TAZ”, “transcrip-

tional co-activator with PDZ-binding motif”, “WWTR1”, 

“Hippo”, “cancer”, “carcinoma”, “neoplasm”, “tumor”, 

“survival”, “prognostic”, and “outcome”. References were 

also retrieved to find additional eligible studies.

Studies were included in our analysis if they met the fol-

lowing inclusion criteria: 1) the relationship between TAZ 

expression and prognosis of patients with various cancers 

was studied; 2) the association between clinicopathologic 

features and TAZ expression was described; 3) TAZ-positive 

expression was quantified by immunohistochemistry or 

other adequate methods; 4) subjects were categorized into 

high TAZ (or TAZ-positive) group and low TAZ (or TAZ-

negative) group for survival analysis; 5) hazard ratio (HR) 

with 95% confidence intervals (CIs) was reported, or the 

reported data were sufficient for calculation; 6) when several 

studies involved the same population, only the most recent or 

the most comprehensive one was included; and 7) the article 

was published in English. Studies were excluded if they met 

any of the following exclusion criteria: 1) systemic review, 

laboratory study, case report, comment, or letter; 2) published 

in a language other than English; 3) provided no information 

on survival outcomes or survival curves; and 4) nonhuman 

experiments. Two authors (JF and PR) independently evalu-

ated titles and abstracts of the articles to decide whether the 

full text should be further reviewed. In case of any disagree-

ment, consensus would be reached after discussion. If this 

failed, the article would be excluded.

Data extraction and quality assessment
Two reviewers (JF and PR) extracted the required informa-

tion from all eligible studies independently. Documented 

information included name of the first author, year of publi-

cation, country of origin, number of patients, age of patients, 

cancer type, TAZ measuring method, and HRs and their 

95% CIs for survival. If both univariate and multivariate 

analyses were performed, HRs from multivariate analyses 

were extracted. For studies providing HRs, we extracted data 

directly; otherwise, the HRs and CIs were calculated with 

Tierney’s methods.6

Study quality was assessed using the Newcastle–Ottawa 

quality assessment scale by two independent investigators. 

Only studies that scored .5 were included while others were 

excluded in order to ensure the quality of this meta-analysis. 

Any disagreement was resolved by discussion. Table S1 sum-

marizes the by-item quality scores of each study.

Statistical analysis
Pooled HRs with 95% CIs were calculated to quantify the 

predictive value of TAZ level on overall survival (OS). 

An HR .1.0 indicated poor prognosis. Pooled odds ratios 

(ORs) with 95% CIs were also calculated to describe the 

association between TAZ expression and clinicopathologic 

features. Heterogeneity analysis was performed using 

chi-square test and expressed in I2 index. Heterogeneity 

was considered as significant when P-value was ,0.1 in 

chi-square test and/or an I2 measure was .50%, and then a 

random-effects model would be applied; otherwise, a fixed-

effects model was applied. A sensitivity analysis was per-

formed by sequential omission of individual studies. Potential 

publication bias was assessed using Begg’s funnel plot and 

Egger’s linear regression. Meta-analysis was performed using 

Review Manager 5 (version: 5.2, Cochrane Informatics and 

Knowledge Management Department; http://tech.cochrane.

org/revman/download) and STATA (version 12.0, Stata-

Corp LP, College Station, TX, USA). Particularly, Egger’s 

test and sensitivity analysis were performed with STATA. 

A P-value ,0.05 was considered as significant.

Results
eligible studies
The flow chart for literature search is shown in Figure 1. 

In brief, 341 articles were identified by primary search 

strategy. After title and abstract screening, 34 reviews and 

270 original studies were excluded because of irrelevance 

to TAZ or cancer prognosis, or they were animal studies, 

duplicated, or not in the English language. The full texts of 

37 articles were reviewed for more details and an additional 

23 studies were excluded for insufficiency of survival data. 

Finally, 14 articles5,7–19 meeting the inclusion criteria were 

included. The study by Yuen et al included survival analyses 

for two different cohorts.12 Thus, a total of 15 studies includ-

ing 2,881 patients were analyzed in this meta-analysis. All the 

eligible studies were published from 2012 to 2015, of which 
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12 were conducted in Asia and two otherwise. Cancer types 

enrolled in these studies included non-small-cell lung cancer 

(NSCLC), hepatocellular carcinoma (HCC), colon carci-

noma, colorectal carcinoma, oral squamous cell carcinoma, 

tongue squamous cell carcinoma, adenocarcinoma of the 

esophagogastric junction, breast cancer (BC), glioblastoma 

multiforme, and retinoblastoma. Formalin-fixed and paraffin-

embedded sample processing method was applied in nine 

studies, while the other six studies used tissue microarray. 

Immunohistochemistry was used to detect TAZ expression 

in all studies. TAZ expression was tested by nuclear staining 

in two studies or by both nuclear and cytoplasmic stainings 

(for overall TAZ expression) in 13 studies. Furthermore, the 

association between TAZ and OS was analyzed in 13 studies; 

disease-free survival (DFS) in the study by Wang et al;13 and 

OS and progression-free survival (PFS) in the study by Zhang 

et al.19 The main characteristics of the enrolled studies are 

summarized in Table 1.

Results of meta-analysis
HRs for OS were available in 14 studies involving 2,713 patients, 

but only one study reported data on the relationship between 

TAZ and DFS or PFS. As shown in Figure 2, pooled OS 

data suggested an increased risk of death in patients with 

higher TAZ expression (HR =1.82, 95% CI =1.58–2.11, 

I2=33%, P=0.11). There was no significant heterogeneity in 

these studies.

Subgroup analyses for OS were conducted by covari-

ates, such as ethnicity, sample size, sample source, staining 

location, and cancer types. Results of the subgroup analysis 

for prognosis value of TAZ in different cancer types are shown 

in Table 2. Subgroup analyses by ethnicity showed a signifi-

cant association between high TAZ expression and poor OS 

in both Asian (HR =1.474, 95% CI =1.203–1.807; P=0.729) 

and non-Asian patients (HR =1.474, 95% CI =1.203–1.807; 

P=0.729). The results of subgroup analyses by sample size 

showed that combined HRs were 2.09 (95% CI =1.65–2.64) 

for studies with ,200 cases and 1.69 (95% CI =1.42–2.02) 

for those with .200 cases. This result indicated that high TAZ 

expression remained an unfavorable prognostic factor regard-

less of sample size. Regarding sample source, the results 

showed that high TAZ expression indicated a poor prognosis 

in studies using formalin-fixed and paraffin-embedded 

samples (HR =2.03, 95% CI =1.58–2.62; P=0.16) and tissue 

microarray samples (HR =1.73, 95% CI =1.46–2.06; P=0.16). 

Subgroup analyses by staining location found that positive 

overall (nuclear and cytoplasmic) TAZ expression (HR =1.91, 

95% CI =1.54–2.38; P=0.06) and positive nuclear TAZ 

expression (HR =2.11, 95% CI =1.26–3.55; P=0.91) both 

indicated poor OS. In subgroup analysis by cancer types, 

overexpression of TAZ was correlated with poor OS in HCC 

(HR =2.26, 95% CI =1.43–3.57; P=0.49), gastrointestinal 

cancer (HR =2.00, 95% CI =1.54–2.58; P=0.97), and BC 

(HR =2.11, 95% CI =1.26–3.55; P=0.91). But in NSCLC, 

“1” was within the 95% CI (HR =1.71, 95% CI =0.93–3.14; 

P=0.08), which indicated that positive TAZ expression may 

not be a prognostic predictor for OS in NSCLC.

Furthermore, we also analyzed the relationship between 

TAZ expression and clinicopathologic features. As shown in 

Figure 3, expression of TAZ was found to be associated with 

more advanced TNM stage (OR =2.56, 95% CI =1.60–4.11; 

P=0.52), poor tumor differentiation (OR =3.08, 95% 

CI =1.25–7.63; P=0.01), and lymph node metastasis 

(OR =2.53, 95% CI =1.81–3.53; P=0.58), but not with tumor 

size (HR =1.27, 95% CI =0.26–6.268; P=0.005).

Publication bias and sensitivity analysis
Begg’s funnel plot and Egger’s test were performed to evalu-

ate the publication bias of the enrolled studies. As shown in 

Figure 4, the shape of the funnel plots was of no obvious 

asymmetry. And the P-value for OS from Egger’s test was 

0.343, further confirming the nonexistence of significant 

publication bias. Meanwhile, the sensitivity analysis for con-

tribution of each individual study on the pooled HRs for OS 

was performed by sequentially omitting individual studies, 

and found that no individual study significantly influenced 

Figure 1 Flow diagram of the inclusion and exclusion of studies.
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the overall HR, as shown in Figure 5. This confirmed the 

credibility of this meta-analysis.

Discussion
Cancer is a major global public health problem and is the 

second leading cause of death in the US with an estima-

tion of 1,700,000 new cases and 600,000 deaths in 2016.20 

The more we identify and understand the mechanisms of 

cancer development and contributing factors of survival 

outcomes, the more valuable information can be provided to 

facilitate clinical decision making, optimize treatment and, 

ultimately, improve survival of cancer patients.

TAZ, structurally homologous to yes-associated pro-

tein, functions as a transcriptional coactivator and major 

χ

Figure 2 Forest plot for the association of TAZ expression with overall survival in various cancer types.
Abbreviations: CI, confidence interval; df, degrees of freedom; SE, standard error.

Table 2 Subgroup analysis of TAZ on overall survival in cancer patients

Variable No of 
studies

Model Pooled HR 
(95% CI)

Heterogeneity

I2 (%) P-value

ethnicity
Asian 12 Random 1.91 (1.54–2.38) 42.00 0.06
Non-Asian 2 Fixed 2.11 (1.26–3.55) 0.00 0.91

Sample size
.200 5 Fixed 1.69 (1.42–2.02) 20.00 0.29
,200 9 Fixed 2.09 (1.65–2.64) 36.00 0.13

Sample source
TMA 6 Fixed 1.73 (1.46–2.06) 36.00 0.16
FFPe 8 Fixed 2.03 (1.58–2.62) 34.00 0.16

Staining location 
Nucleus 2 Fixed 2.11 (1.26–3.55) 0.00 0.91
Nucleus and cytoplasm 12 Random 1.91 (1.54–2.38) 42.00 0.06

Cancer types
NSCLC 2 Random 1.71 (0.93–3.14) 67.00 0.08
HCC 3 Fixed 2.26 (1.43–3.57) 0.00 0.49
Digestive system cancer 3 Fixed 2.00 (1.54–2.58) 0.00 0.97
BC 2 Fixed 2.11 (1.26–3.55) 0.00 0.91
Other 4 Random 1.92 (1.39–2.67) 71.00 0.02

Notes: Random-effects model was used when P-value for heterogeneity test ,0.1; otherwise, fixed-effects model was used.
Abbreviations: BC, breast cancer; CI, confidence interval; FFPE, formalin-fixed and paraffin-embedded; HCC, hepatocellular carcinoma; HR, hazard ratio; 
NSCLC, non-small-cell lung cancer; TMA, tissue microarray.
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effector of Hippo pathway cascade. Generally, this kinase 

cascade causes cytoplasmic retention of phosphorylated 

TAZ by 14-3-3 when it is activated. Otherwise, TAZ will 

be translocated into the nucleus where it interacts with 

TEA domain family members and drives the transcription 

process.21 Immunohistochemical analysis in a number of 

cancers showed that TAZ activation is highly related to 

cancer progression.4 Importantly, TAZ is involved in the 

acquisition of some cancer cell phenotypes by means of 

maintaining stem cell differentiation and self-renewal, 

and so on.22,23 It also contributes to the epithelial to 

mesenchymal transition24 and the inhibition of senescence.25 

Therefore, TAZ may serve as a promising biomarker for 

cancer patients. In addition, TAZ has been proved to be 

responsible for resistance to Taxol in human BC cells26 

and a higher recurrence rate in colon cancer.27 These data 

substantiate that TAZ may be a novel marker in cancer 

prognosis.

The evidence collected in the present meta-analysis 

indicated a statistically significant relationship between 

TAZ overexpression and poor OS (pooled HR =1.82, 

95% CI =1.58–2.11). Intriguingly, results of subgroup 

χ

τ χ

τ χ

χ

Figure 3 Forest plots of OR.
Notes: (A) OR for the relation between TAZ expression and TNM stage; (B) OR for the relation between TAZ expression and tumor size; (C) OR for the relation between 
TAZ expression and tumor differentiation; and (D) OR for the relation between TAZ expression and lymph node metastasis.
Abbreviations: CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel; OR, odds ratio.
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analyses showed that positive TAZ was significantly 

correlated with OS in patients regardless of ethnicity, sample 

source, sample size, or staining location, which further con-

firmed the prognostic role of TAZ in OS. We also analyzed 

the combined HRs of different cancer types. Although there 

were only two or three studies for each cancer type, reliable 

and consistent conclusions were drawn that higher expres-

sion of TAZ indicated worse prognosis in patients with HCC 

(I2=0%), gastrointestinal cancers (I2=0%), and BC (I2=0%). 

While in NSCLC, 95% CI contained “1”, meaning the 

expression of TAZ did not appear to have an overall influ-

ence on survival in NSCLC patients. But, we should be extra 

cautious when interpreting this result, as only two studies 

for NSCLC were included and therefore the results might 

be of less power. Further studies are needed to verify our 

conclusions. In this study, we also assessed the association 

between TAZ expression and clinicopathologic features in 

various cancer patients. High TAZ expression was found to 

be associated with more advanced TNM stage, poor tumor 

differentiation, and lymphatic metastasis.

This is the first meta-analysis on the association between 

TAZ expression and survival, but there are still some limi-

tations despite the attempt to make it as comprehensive as 

possible. First, this meta-analysis only included a limited 

number of studies covering some, not all, cancer types, and 

some of the studies did not provide sufficient data for DFS/

PFS analysis. As a consequence, the relationship between 

TAZ and patient outcomes still requires further investiga-

tion. Second, we extracted data from Kaplan–Meier curve 

in some studies due to unavailability of raw data, which may 

lead to less reliable results. Reanalysis might be performed 

if we can get the raw data of these studies. Third, many 

enrolled articles did not describe clinicopathologic features, 

which may result in biases. Another bias may exist due to 

language screening process, as positive results tend to be 

reported in articles written in native languages.28 Moreover, 

all of the included studies were retrospective, which may 

have also introduced reporting bias. Therefore, our findings 

should be interpreted with caution.

In conclusion, this meta-analysis suggested that high 

expression of TAZ was significantly related to poor OS, 

more advanced TNM stage, poor tumor differentiation, 

Figure 4 Funnel plot for the TAZ expression with overall survival in cancer patients.
Note: Funnel plot analysis showed no publication bias among the 14 studies included.
Abbreviation: Se, standard error.

Figure 5 Sensitivity analysis by stepwise omission of one study at a time for overall survival.
Note: The sensitivity analysis showed that no individual study significantly influenced the combined hazard ratio.
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and lymph node metastasis in cancer patients. But the data 

were insufficient to determine the role of TAZ in DFS/PFS. 

To fully understand the clinical utility of TAZ in the prog-

nosis of cancer patients, more well-designed prospective 

studies based on a larger sample size or larger-scale clinical 

investigations are awaited.
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