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Abstract

Objective: Recent reports have shown that C-X-C chemokine receptor 4 (CXCR4) is expressed in ovarian cancer and plays an
important role in metastasis. However, the prognostic value of CXCR4 in ovarian cancer remains controversial and has not
been emphasized. The aim of this study is to evaluate the prognostic significance of CXCR4 in ovarian cancer by performing
a meta-analysis.

Methods: We systematically searched for studies evaluating the relationship between CXCR4 expression and the outcome
of ovarian cancer patients. Only articles in which CXCR4 expression was detected by immunohistochemical staining were
included. Hazard ratios (HRs) and relative risk (RR) with 95% confidence intervals (CIs) were pooled as effect size (ES) across
studies for overall survival (OS) and progression-free survival (PFS).

Results: A total of 729 patients from 7 studies (6 articles) were included in this meta-analysis. Our results showed that high
CXCR4 expression was significantly associated with poor prognosis in terms of OS (ES, 2.81; 95% CI, 1.16–6.80; p = 0.022) and
PFS (ES, 8.48; 95% CI, 2.13–33.70; p = 0.002) in ovarian cancer patients. The association between high CXCR4 expression and
poor ovarian cancer prognosis in OS was also statistically significant in subgroups of Asian and III-IV patients constituting
70%.

Conclusions: The present meta-analysis indicated that high CXCR4 expression was associated with poor prognosis in
ovarian cancer. More studies, especially larger scale and well-matched researches, are warranted to clarify the prognostic
effect of CXCR4 on the outcome of ovarian cancer.
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Introduction

Ovarian cancer is the fifth leading cause of cancer deaths

occurring in women and leading cause of mortality from

gynecologic cancer [1], with epithelial cancer being responsible

for 90% of ovarian malignancies. Although ovarian cancer is

among the most chemosensitive malignancies, and the currently

established therapy of ovarian cancer includes radical surgical

tumor debulking and subsequent platinum plus paclitaxel-based

chemotherapy, the prognosis is still poor and the 5-year survival

rate remains only 25% [2]. Hence, it is necessary to identify

prognostic factors to predict the outcomes of patients, which could

be effective in making strategies and improving survival for

ovarian cancer. Traditional clinicopathological parameters, such

as age, tumor histology, performance status and residual tumor

volume are considered as independent predictors of prognosis in

ovarian cancer [3,4]. However, survivals vary even among patients

who are in similar status and undergoing similar treatment. The

underlying mechanism remains elusive. Identifying molecular

biological prognostic factors could enable to predict patients’

outcomes more accurately and provide novel therapeutic targets.

C-X-C chemokine receptor 4 (CXCR4) is a G-protein coupled

chemokine receptor, exerts its biological effect by binding its

ligand stromal cell-derived factor 1 (SDF-1, also called CXCL12),

leading to alteration of cell skeleton rearrangement and cell

migration [5]. It plays an important role in embryonic develop-

ment [6], phagocytic cells migration [7] and differentiation [8].

Recent reports suggest that CXCR4 also plays a decisive role in

tumor growth and metastasis. Directed metastasis of cancer cells is

mediated by CXCR4 activation and migration of cancer cells

towards CXCL12 expressing organs [9–11]. A study of the

expression of 14 chemokine receptors showed that only CXCR4

was expressed within ovarian cancer cell lines [12]. Many studies
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indicated a close correlation exists between chemokine axis

CXCL12/CXCR4 and ovarian cancer and recommend CXCR4

as an independent prognostic factor [13–16]. However, Popple et

al and Pils et al showed that CXCR4 expression has no influence

on survival in ovarian cancer [17,18]. Insufficient samples and

some other factors have resulted in controversial results of different

clinical studies. The present meta-analysis aims to determine the

value of CXCR4 as a prognostic marker for ovarian cancer.

Materials and Methods

Literature Search Strategy
We comprehensively searched PubMed, Cochrane library,

CBM and EMBASE databases for relevant articles published

until December 1st, 2013. Search terms included terms for

Ovarian Cancer (‘‘Ovarian Neoplasm’’, ‘‘Ovarian Carcinoma’’,

‘‘Ovarian Cancer’’, ‘‘Ovarian Tumor’’), CXCR4 (‘‘CXCR4’’,

‘‘Chemokine receptor 4’’), Prognosis and Survival. In order to

minimize the deviation caused during the search process, the

reference lists of relative articles were also screened manually to

further identify potential studies.

Criteria for Inclusion and Exclusion
Studies eligible for inclusion in this meta-analysis met the

following criteria in order to ensure the high quality of this article:

(1) patients with distinctive ovarian cancer diagnosis by pathology;

(2) CXCR4 expression was measured by immunohistochemistry

(IHC) method; (3) full length paper with sufficient data on survival

and CXCR4 expression. The following studies were excluded: (1)

articles about cell lines or animals; (2) review articles without

original data; (3) studies lacking information on survival.

Data extraction and quality assessment
The following information were retrieved independently by 2

authors (CF Liu and SY Liu) from each publication: first author,

publication year, country, number of patients enrolled, histology

and disease stage, cut-off value, hazard ratio (HR) or relative risk

(RR) and 95% confidence interval (CI) as well as the other related

events. Inconsistencies in the research process were resolved

through debate and consultations. If the above information were

not mentioned in the original study, the item was treated as ‘‘Not

Available (NA)’’. The quality of the included studies was assessed

by the Newcastle-Ottawa Scale (NOS). If a study did not clearly

mention one of these key points, we considered that the point was

not covered in the study, and the results may have underestimated

the reported characteristics.

Statistical analysis
HR or RR and 95% CI were used as the effective value to

measure the impact of CXCR4 expression on survival of ovarian

cancer patients in this meta-analysis. In the individual study, some

of them provided HR or RR and 95% CI directly. If these

statistical variables were not available in an article, we estimated

from given data using methods reported by Tierney et al [19]. If a

study provided both the results of multivariate analysis and

univariate analysis, we chose the former. ES was calculated with

Chi-squared tests according to Peto’s method [20]. Heterogeneity

test with inconsistency index (I2) statistic and Q statistic was

performed. The I2 value was used to evaluate the heterogeneity (I2

= 0–50%, no or moderate heterogeneity; I2 .50%, significant

heterogeneity). Fixed-effect model was used if there was no

significant heterogeneity. Otherwise, the random-effect model was

used. Egger’s test, Begg’s test and trim and fill method were

performed to identify the possibility of publication bias [21,22].

The robustness of the combined results was confirmed by

sensitivity analysis in which the data of an individual study were

removed each time. By convention, an observed ES .1 implied a

poor survival for the group with increased CXCR4 expression.

The impact of increased CXCR4 expression on survival was

considered statistically significant if the 95% CI did not overlap

with 1. All the p-values were two sided, and p,0.05 was

considered statistically significant. All statistical analyses were

conducted with STATA 12.0 (Stata Corporation, College Station,

TX).

Results

Study selection and characteristics
As shown in Figure 1, a total of 54 articles were identified

initially using the search strategy above. After reading the abstract

and title, 45 papers were not applicable to our aim. The remaining

9 papers were approved through scrutinizing the entire paper.

Among them, 3 articles were excluded because of insufficient data

on survival. Finally, 7 studies (6 articles) were eligible for the

present meta-analysis [13–18].

The main characteristics of the 7 studies were shown in Table 1.

The studies were conducted in 4 countries (UK, China, Austria

and Japan) and published between 2006 and 2013. The total

number of patients included was 729, with sample sizes ranging

from 44 to 241 patients. The median age ranged from 51 to 61

years old. The median follow-up period ranged from 26.1 to 167.0

months. Only 1 study defined the cut-off value by visible staining

or not, while other studies used the complex score to define high

CXCR4 expression. Among all of the included studies, HR or RR

and 95% CI were obtained from the original articles directly in 4

studies. For the remaining studies, HRs and 95% CIs were

calculated or extrapolated from Kaplan-Meier curves. On

statistical method, all studies provided the results of multivariate

analysis.

Figure 1. Flow chart of searching the relevant studies used in
this meta-analysis.
doi:10.1371/journal.pone.0092629.g001
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CXCR4 expression and prognosis of ovarian cancer
7 studies investigating OS were pooled into the meta-analysis.

As shown in Figure 2, high CXCR4 expression correlates with

poor OS (ES, 2.81; 95% CI, 1.16–6.80; p = 0.022) with significant

heterogeneity (I2 = 83.9%, p = 0.000). Table 2 shows the results of

the main subgroup meta-analyses. When grouped by ethnicity,

CXCR4 expression was significantly associated with poor OS in

Asian patients (ES, 5.86; 95% CI, 2.61–13.17; p = 0.000) with less

heterogeneity (I2 = 32.0%, p = 0.221), but not in non-Asian

patients (ES, 0.88; 95% CI, 0.58–1.32; p = 0.529) with less

heterogeneity (I2 = 15.8%, p = 0.305). The association between

high CXCR4 expression and poor ovarian cancer prognosis in OS

remained statistically significant in studies with more III–IV

patients (ES, 4.13; 95% CI, 2.15–7.92; p = 0.000). However, not

significant association between high CXCR4 expression and poor

OS was found in studies when grouped according to subcellular

localization or the median follow-up period.

3 studies investigating PFS were pooled into the meta-analysis.

As shown in Figure 3, high CXCR4 expression also predicts poor

PFS (ES, 8.48; 95% CI, 2.13–33.70; p = 0.002) with significant

heterogeneity (I2 = 65.2%, p = 0.057).

Publication bias analysis
The Egger’s publication bias plot presented no proof of obvious

publication bias (Figure 4). There was no evidence of publication

bias as suggested by Egger’s and Begg’s tests (Egger’s test,

p = 0.421; Begg’s test, p = 1.000). Besides, trim and fill method

showed that there is no significant change after trimming and

filling, suggesting stable conclusions (data not shown).

Sensitivity analysis
In order to gauge results stability, a sensitivity analysis, in which

one study was deleted at a time, was performed. The results were

shown in Figure 5. Both of the corresponding pooled ES were not

significantly changed, suggesting the robustness of our results.

Discussion

Nowadays, factors which influence the prognosis of ovarian

cancer patients are not completely understood. Survivals vary even

among patients who are in similar status and undergoing similar

treatment. There has been great interest in identifying molecular

biological prognostic and predictive markers for patients with

ovarian cancer as these markers can help predict patients’

outcomes more accurately and provide novel therapeutic targets

[23–25].

CXCR4 is a chemokine receptor predominantly expressed on

lymphocytes where it actives chemotaxis. CXCL12 is the only

physiological ligand for CXCR4. Many Studies demonstrated that

CXCR4/CXCL12 is not only critical molecular determinant for

events including maintaining embryo development, mediating

immune and inflammatory reactions, the modulation of hemato-

poietic system, but also plays an important role in stimulating the

metastatic process of many different neoplasm, where CXCR4 is

able to activate a plethora of phenomena such as chemotaxis,

invasion, angiogenesis and proliferation [26,27]. Recent reports

showed that high expression of CXCR4 indicates poor prognosis

in patients with ovarian cancer [13–16], but others showed that no

correlation was found between them [17,18]. Different subcellular

localization of CXCR4 and some other factors might have resulted

in controversial results of different clinical studies. In previous

reports, CXCR4 expression was found in nucleus, cytoplasm, and

membrane of diverse cancer cells by means of immunohistochem-

istry. Salvucci et al found that only cytoplasmic staining of

CXCR4 had significant impact on prognosis of breast cancer

patients, but not nuclear staining [28]. Strong CXCR4 nuclear

staining was associated with significantly better outcome in early-

stage non-small-cell lung cancer (NSCLC) [29]. This meta-analysis

Figure 2. Forest plot illustrates the association between CXCR4 expression and OS of ovarian cancer.
doi:10.1371/journal.pone.0092629.g002
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aimed to examine the association between high CXCR4

expression and prognosis of ovarian cancer.

In this meta-analysis, we first evaluated the association of

CXCR4 expression with OS and PFS. The pooled results

demonstrated that high CXCR4 expression correlates with poor

prognosis in terms of OS and PFS. A considerable degree of

heterogeneity was noticed after the HR or RR were pooled in OS

(I2 = 83.9%). Heterogeneity is an important factor affecting the

quality of meta-analysis, subgroup analyses are essential. Our

subgroup analyses showed that when grouped according to the

countries of individual studies, the heterogeneity was significantly

reduced, and the combined ES of Asian studies and non-Asian

studies were 5.86 (95% CI: 2.61–13.17; I2 = 32.0%) and 0.88 (95%

CI: 0.58–1.32; I2 = 15.8%), respectively. Asian patients with high

levels of CXCR4 expression in cancer cells get remarkably poor

prognosis, while non-Asians did not. It indicated that the ethnicity

or geographic settings may contribute to the infection of CXCR4

expression on the prognosis of ovarian cancer. However, the

number of studies and the number of patients included are all

small, and there are also many confounding factors among these 7

studies. We must note these points when interpret the result.

Besides, subgroup analyses according to the proportion of stage

III-IV patients showed that high CXCR4 expression was also

related significantly with poor prognosis in studies with more stage

III–IV patients (pooled ES, 4.13; 95% CI: 2.15–7.92; I2 = 8.9%),

suggesting that high expression of CXCR4 predicts poor prognosis

in patients with advanced ovarian cancer. These results increase

the likelihood that high CXCR4 expression is an independent risk

factor for ovarian cancer.

Some limitations of this meta-analysis need to be acknowledged.

First, mentioned above, the number of studies and patients

included are very small. Results from our meta-analysis should be

Table 2. Associations between CXCR4 expression and OS of ovarian cancer grouped by selected factors.

Variables No. of studies No. of patients ES (95% CI) I2 (%)

Country

Asian 4 268 5.86(2.61–13.17) 32.0

Non-Asian 3 461 0.88(0.58–1.32) 15.8

Stage III–IV (%)

.70 3 220 4.13(2.15–7.92) 8.9

#70 4 509 1.65(0.59–4.62) 78.7

Subcellular localization

Cytoplasm 2 163 3.25(0.41–25.90) 74.3

Nucleus 2 342 0.74(0.52–1.05) 0.0

Follow-up (mo)

.60 2 289 2.82(0.17–47.01) 92.1

#60 4 316 3.12(0.83–11.72) 55.2

doi:10.1371/journal.pone.0092629.t002

Figure 3. Forest plot showing the association between CXCR4 expression and PFS of ovarian cancer.
doi:10.1371/journal.pone.0092629.g003
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interpreted with caution. Second, heterogeneity was found in the

main analysis. Meta regression was unable to be performed as the

number of included studies was small. Heterogeneity may have

arisen from the different characteristics of the subjects and the

various histological types of ovarian cancer. However, the attempt

to perform subgroup analysis by other important clinical factors in

ovarian cancer patients such as TNM, histological types,

differentiation and treatment were failed due to lack of sufficient

data. Third, the follow-up times varied widely, from 0.4 to 204.3

months. Finally, the methodology for immunohistochemistry

could affect the prognostic value due to the various detecting

antibodies, subcellular localization of CXCR4 protein and the

application of different cut-off values for determining high

CXCR4 levels.

In conclusion, our meta-analysis showed that high CXCR4

expression was associated with poor prognosis in terms of OS and

PFS in ovarian cancer. The outcome is much worse in Asian and

advanced ovarian cancer patients. Assessing CXCR4 expression

could provide better prognostic information for patients with

ovarian cancer and be used as a novel therapeutic target. More

studies, especially large scale, multi-center and well-matched

cohort research, were warranted to clarify the prognostic effect of

CXCR4 on the outcome of ovarian cancer.

Figure 4. Egger’s publication bias plot of the studies assessing CXCR4 expression and OS in ovarian cancer.
doi:10.1371/journal.pone.0092629.g004

Figure 5. Sensitivity analysis of all the studies assessing OS.
doi:10.1371/journal.pone.0092629.g005
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