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Abstract: Zinc-finger protein X-linked (ZFX), as a crucial regulator of self-renewal in embryonic, has been character-
ized as an oncogene in several cancers, contributing to tumor metastasis and survival. In order to assess the clinical 
significance of ZFX in cancers, we collected all literatures through PubMed, Cochrane Library, Wed of Science and 
Chinese National Knowledge Infrastructure (CNKI). According to the strict inclusion and exclusion criteria, seven 
articles with total of 790 tumor patients were included in this meta-analysis. The result showed that high expres-
sion of ZFX had significant positive associations with OS (HR=2.45, 95% CI: 1.52-3.94, P≤0.01), LNM (OR=3.09, 
95% CI: 1.99-4.77, P≤0.01), DM (OR=2.54, 95% CI: 1.26-5.13, P=0.009) and high tumor stage (OR=2.67, 95% CI: 
1.91-3.72, P≤0.01) in patients with various cancers. The present meta-analysis demonstrated that high expression 
of ZFX may serve as a novel potential common cancer-specific biomarker for patients with various cancers.
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Introduction

Cancer is becoming a major public health chal-
lenge worldwide because of increasing inci-
dence and mortality in each year. In 2017, 
1688780 new cancer cases and 600920 can-
cer deaths are projected to occur in the United 
States [1]. Although many treatments are avail-
able for patients with various cancers, includ-
ing surgery, biotherapy, chemotherapy and 
radiation therapy, however, the cancer-specific 
survival rate still remains depressed. So discov-
ering a novel potential cancer-specific biomark-
er for predicting metastasis and prognosis is 
indispensable for observing the progression of 
cancers. 

With the quick development of next-generation 
sequencing technology, amounts of genes have 
been found to be dysregulated in expression 
and involved in the development of various 
human diseases, particularly in cancers. Zinc-

finger protein X-linked (ZFX), one of the zinc fin-
ger protein family, was located in the X chromo-
some which functionally characterized as a 
nuclear-localized signal [2]. Increased ZFX was 
identified as a transcriptional factor and corre-
lated with progression of cancers, including 
colorectal cancer [3-5], nasopharyngeal carci-
noma [6], laryngeal squamous cell carcinoma 
[7], renal cell carcinoma [8] and gallbladder  
carcinoma [9] and so on. High ZFX expression 
was correlated with clinicopathologic charac-
teristics significantly, including overall survival 
(OS), lymph node metastasis (LNM), distant 
metastasis (DM) and high tumor stage (HTS). 
Therefore, ZFX might as a potential cancer-spe-
cific biomarker for predicting metastasis and 
prognosis. So, we performed this meta-analysis 
to precisely explore the correction between ZFX 
and clinicopathologic characteristics of cancer 
patients, in order to evaluate whether ZFX could 
serve as a potential cancer-specific biomarker 
for predicting metastasis and prognosis. 

http://www.ijcem.com


Zinc-finger protein X-linked as a novel potential cancer-specific biomarker

14161 Int J Clin Exp Med 2017;10(10):14160-14169

Materials and methods

Literature collection

Electronic databases PubMed, Cochrane Libr-
ary, Web of Science and CNKI (China National 
Knowledge Infrastructure) were performed by 
using “Zinc-finger protein X-linked or ZFX” as 
the keyword, in order to identify potentially rel-
evant studies. The last update of searching 
time was March 4, 2017.

Inclusion and exclusion criteria

Inclusion criteria of the studies are as the fol-
lows: (1) evaluation of a link between ZFX ex- 
pression and prognosis of patients with any 
type of cancer; (2) patients were grouped acco- 
rding to the expression levels of ZFX; (3) related 
clinicopathologic characteristics were report-
ed, including lymph node metastasis; (4) report-
ing of clinical outcomes, including overall sur-
vival; (5) studies containing sufficient data for 
the computation of odds ratios (OR) and corre-
sponding 95% confidence intervals (CI); (6) the 
detection method of ZFX expression should be 
immunohistochemistey; and (7) the full-text 
paper was available. Exclusion criteria are as 
the follows: (1) reviews, letters, editorials, 
expert opinions, case reports; (2) nonhuman 
research; (3) studies without unavailable data; 
(4) studies of nondichotomous ZFX expression 

try of origin, tumor type, detected sample, num-
ber of high ZFX expression group and low ZFX 
expression group, number of patients with 
LNM, DM, HTS, HRs and corresponding 95% 
CIs for OS.

Statistical methods

All the statistical analyses were performed by 
using Stata 12.0. Data of pooled hazard ratios 
(HRs) and were extracted from the qualified 
studies; the log HR and standard error (SE) 
were used for aggregation of the survival res- 
ults. So as to evaluate the heterogeneity of the 
eligible studies, pooled HRs were executed 
using I2 statistics in this meta-analysis. The 
random-effects model was used for this meta-
analysis when between-study heterogeneity 
was statistical (P<0.1), while fixed-effects 
model was used when the between-study het-
erogeneity was not significant in the included 
studies (P>0.1). The potential publication bias 
was assessed using the Egger’s test and Begg’s 
test. P values <0.05 were considered statisti-
cally significant. 

Results

Characteristics of eligible studies

As shown in the flow diagram (Figure 1), a total 
of 279 published articles were discovered in 

Figure 1. The flow 
diagram of this 
systematic review 
and meta-analy-
sis.

level, and (5) duplicate publi- 
cations.

Quality assessment

The Newcastle-Ottawa Scale 
(NOS) was applied to assess 
the quality of all included stu- 
dies by three investigators 
(ABH, YHL and XHL) indepen-
dently. Disagreements were 
settled with all investigators in 
conference.

Date extraction

Data extraction from the eligi-
ble studies were performed 
independently by four investi-
gators (ABH, ZJL, YHL and 
JGY). Disagreements were dis-
cussed with all investigators 
in conference. For each eligi-
ble study, the following infor-
mation was extracted: first 
author, publication date, coun-
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Table 1. Characteristics of studies in this meta-analysis

Author/Year Country Tumor
type

Sample 
size (n) ZFX expression Survival 

analysis Hazard ratios (95% CI)

High
expression

High 
with 
LNM

High 
with 
DM

High 
with 
HTS

Low
expression

Low 
with 
LNM

Low 
with 
DM

Low 
with 
HTS

Univariate analysis Multivariate analysis

Yan 2016 China CRC 290 197 NA NA 96 93 NA NA 28 OS 2.085 (1.341, 3.244) 1.858 (1.185, 2.912)
Yan 2014 China CRC 120 62 35 40 37 58 22 24 23 OS 2.082 (1.251, 3.465) 1.784 (1.030, 3.091)
Jiang 2015 China CRC 90 58 37 4 33 32 12 1 11 OS NA 0.93 (0.40, 2.20)
Li 2015 China RCC 53 42 23 NA 18 11 2 NA 1 OS NA 4.997 (1.033, 24.180)
Weng 2016 China GBC 80 52 33 NA 46 28 11 NA 21 OS NA 10.869 (2.224, 23.156)
Li 2015 China NC 125 67 65 NA 59 58 45 NA 35 OS NA 2.903 (1.049, 8.036)
Yang 2015 China LSCC 97 46 NA NA NA 51 NA NA NA OS NA 3.298 (1.368, 7.949)
Abbreviation: NC nasopharyngeal carcinoma, GBC gallbladder cancer, LSCC laryngeal squamous cell carcinoma, CRC colorectal cancer , RCC renal cell carcinoma , LNM lymph node 
metastasis, OS overall survival, HTS high tumor stage; NA not available.
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Figure 2. Forest plot of the pooled HRs of elevated ZFX expression for OS for the included studies.

Figure 3. Forest plot of the pooled HRs of elevated ZFX expression for OS subgroup for the included studies.

our initial search by using the keywords. 155 
studies were excluded by deleting duplicates. 

Next, 112 studies were excluded by screening 
the title and abstract. After further inspection 
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of the full studies, there was 36 studies to be 
excluded. Finally, a total of 7 studies were eli-
gible according to the criteria for selection.

These studies included a total of 855 patients. 
The mean patient sample size was 122.14 
(range 53 to 290). All studies were came from 

China. 5 different types of cancer were includ-
ed, with 3 colorectal cancer (CRC), 1 nasopha-
ryngeal carcinoma (NPC), 1 renal cell carcino-
ma (RCC), 1 laryngeal squamous cell carcinoma 
(LSCC) and 1 gallbladder carcinoma (GBC). The 
expression of ZFX was measured by immuno-
histochemistey. The Newcastle-Ottawa Scale 

Figure 4. Forest plot of the pooled HRs of elevated ZFX expression for OS for the included studies in univariate 
analysis.

Figure 5. Forest plot for the association between ZFX expression levels with LNM.
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(NOS) confirmed that all the studies were of 
good quality. The main characteristics of the 
eligible studies were summarized in Table 1.

Meta-analysis results

Correction between ZFX and OS: Seven studies 
with 855 patients were included according to 
different ZFX expression levels of OS. Because 
of significant heterogeneity among studies 

(I2=57.9%, P=0.027), the random-effects mod- 
el was applied. Result showed the HR of 2.45 
with 95% CI: 1.52-3.94 (Figure 2), suggesting 
that cancer patients with high expression of 
ZFX had shorter OS. Due to significant hetero-
geneity, subgroups were divided into two 
groups [CRC (colorectal cancer) subgroup and 
OC (other cancers) subgroup] according to type 
of cancer. In CRC subgroup, analysis showed a 
pooled HR of 1.66 with 95% CI: 1.20-2.99 

Figure 6. Forest plot for the association between ZFX expression levels with DM.

Figure 7. Forest plot for the association between ZFX expression levels with HTS.
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(P=0.002) by using fixed-effects model (I2= 
4.0%, P=0.353) (Figure 3). And in OC sub- 
group, the result showed HR of 4.32 with 95% 
CI: 2.51-7.43, (P≤0.01) by adapting a fixed-
effects model (I2=10.8%, P=0.339) (Figure 3). 
Moreover, the relationship of ZFX with OS was 
found in univariate analysis (HR=1.83, 95% CI: 
1.29-2.59, P=0.001), with fixed-effects mod- 
el (I2=0.0%, P=0.911). In other words, high 
expression of ZFX could indicate a poor OS 
(Figure 4).

Correction between ZFX and LNM: Five studies 
reporting a total of 468 patients with LNM were 
included based on different ZFX expression 
patterns. Because of no significant heterogene-

(Figure 7), which revealed that higher expres-
sion of ZFX would have higher susceptibility to 
high tumor stage.

Sensitivity analysis

In order to assess the influence of a single 
study on the overall meta-analysis results by 
omitting one study at a time in total population, 
sensitivity analysis was selected. While each 
study was excluded sequentially, none of the 
results were significantly altered each time in 
OS group (Figure 8) and HTS group (Figure 9). 
The sensitivity analysis was not summarized in 
LNM and DM group because of the little num-
ber of samples.

Figure 8. Result of sensitivity analysis in OS group.

Figure 9. Result of sensitivity analysis in HTS group.

ity (I2=0%, P=0.466), the fixed- 
effects model was selected. 
Analysis have demonstrated 
that higher ZFX expression 
might be associated with high-
er LNM rate (OR=3.08, 95% 
CI: 1.99-4.77, P≤0.01) (Figure 
5). The result demonstrated 
that cancer patients with high 
ZFX expression were in tumor 
tissues were more prone to 
LNM.

Correction between ZFX and 
DM: Only two studies reported 
that 210 patients with DM 
based on different ZFX expres-
sion levels. And the heteroge-
neity was found to be of no 
significant (I2=0%, P=0.924), 
the fixed-effects model was 
adopted. Result showed the 
OR of 2.54 with 95% CI: 1.26-
5.13 (P=0.009) (Figure 6), 
which indicated that patients 
with high ZFX expression 
would have higher susceptibil-
ity to develop DM.

Correction between ZFX and 
HTS: Six studies reported that 
758 patients with HTS based 
on different ZFX expression 
levels. Because of no signifi-
cant heterogeneity (I2=0%, 
P=0.656), the fixed-effects 
model was adopted. Result 
showed the OR of 2.67 with 
95% CI: 1.91-3.72 (P≤0.01) 
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Publication bias

The present meta-analysis performed Egger’s 
test and Begg’s test to evaluate potential publi-
cation bias. In OS group, both Egger’s and 
Begg’s test revealed no significant publication 
bias for the HR evaluation of OS (Egger’s test, 
t=1.62, P=0.167; Begg’s test, z=1.80, P=0.072) 
(Figure 10), and in HTS group (Egger’s test, 
t=1.88, P=0.134; Begg’s test, t=1.88, P=0.06) 
(Figure 11), which indicated no significant pub-
lication bias for the OR evaluation of HTS. The 
publication bias analysis was not summarized 

stage (HTS). Further exploration of correlation 
between ZFX and cancers is definitely required.

This meta-analysis explored the relationships 
between ZFX expression levels and OS, me- 
tastasis (LNM and DM) and HTS. The result 
showed that high expression of ZFX had signifi-
cant positive associations with OS (HR=2.45, 
95% CI: 1.52-3.94, P≤0.01), LNM (OR=3.09, 
95% CI: 1.99-4.77, P≤0.01), DM (OR=2.54, 
95% CI: 1.26-5.13, P=0.009) and high tumor 
stage (OR=2.67, 95% CI: 1.91-3.72, P≤0.01) in 
patients with various cancers. According to 

Figure 10. Funnel plot analysis of potential publication bias in OS group 
(Begg’s test).

Figure 11. Funnel plot analysis of potential publication bias in HTS group 
(Begg’s test).

in LNM and DM group becau- 
se of the little number of sam- 
ples.

Discussion

Currently, Accumulating stud-
ies have identified ZFX, a tran-
scription factor, was critical 
for physiological processes by 
regulating cell proliferation, 
cell cycle control and self-
renewal of stem cell [10, 11]. 
ZFX has been discovered to 
act as oncogene in some can-
cers, which contributes to 
tumor development and pro-
gression. Recently, Wang et al 
found that ZFX could activate 
and maintain EpCAM + liver 
cancer stem cells by promot-
ing nuclear translocation and 
trans-activation of β-catenin 
[10]. Li et al found that knock-
down of ZFX could suppre- 
ss matrix metalloproteinase 2 
(MMP-2) and Ki-67 to inhibit 
the proliferation and migration 
of lung cancer cells [12]. Besi- 
des, Knockdown of ZFX inhib-
its gastric cancer cell growth 
in vitro and in vivo via down-
regulating the ERK-MAPK pa- 
thway. In many types of can-
cers [13]. High ZFX expression 
was correlated with clinicopa- 
thologic characteristics signifi-
cantly, including overall sur-
vival (OS), lymph node me-
tastasis (LNM), distant metas-
tasis (DM) and high tumor 
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these results, high expression of ZFX may serve 
as a novel potential common cancer-specific 
biomarker for patients with various cancers.

Nevertheless, there are several deficiencies in 
the present meta-analysis. Firstly, only seven 
studies and five types of cancer were included, 
which weakened the reliability of its results. 
Secondly, only English language reports have 
been included and consequently data from 
important studies published in other languages 
may have been missing. Thirdly, patients includ-
ed in the meta-analysis were all Asians. Four- 
thly, because of different types of cancers, the 
cut-off value of ZFX expression adopted to 
divide high ZFX expression group and low ZFX 
expression group were different in eligible stud-
ies. Fifthly, according to the different standard 
of clinical stages, different types of cancers 
have their own high tumor stage. It is difficult to 
determine a normative standard of clinical 
stages in different tumors. 

Conclusion

In conclusion, this meta-analysis indicates that 
high ZFX expression is significantly positive  
correlated with poor OS, LNM, DM and HTS in 
patients with various cancers. ZFX may serve 
not only as a molecular marker for metastasis, 
but also as a prognostic factor for patients  
with various cancers. Nevertheless, despite 
our strict methodology, the inherent limitations 
of included studies prevent us from reaching 
definitive conclusions. Future large-volume, 
well-designed studies with extensive follow-up 
are awaited to confirm and update the findings 
of this meta-analysis.
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