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Objective: Toevaluate the association of tumor-derivedmatrixmetalloproteinase 2 (MMP-2)
and stromal-derived MMP-2 expression with the prognosis of patients with ovarian cancer, a
meta-analysis studywas performed, whichwas aimed to comprehensively review the evidence
of MMP-2 as prognostic biomarkers in ovarian cancers.
Methods: All relevant studieswere searched in PubMed andWebofScience untilMay30, 2014.
Hazard ratios (HRs) with their 95% confidence intervals (CIs) were used to assess the association
between MMP-2 expression (tumor-derived or stromal-derived) and prognosis of patients with
ovarian cancer. Pooled odds ratios (ORs) and their 95%CIswere used to assess the correlation
of MMP-2 expression with the clinicopathological features of patients with ovarian cancer.
Results: A total of 965 patients in 8 studies were included in this analysis. Among them,
tumor-derived and stromal-derived MMP-2 expression was detected in 7 and 5 articles, re-
spectively. The results revealed that ovarian cancer patientswith positive tumor-derivedMMP-
2 expression showed aworse prognosis than did the oneswith negative tumor-derivedMMP-2
expression (HR, 1.52; 95% CI, 1.06Y2.20). However, ovarian cancer patients with positive
stromal-derived MMP-2 expression had not. In addition, we also found that tumor-derived
MMP-2 expression was associated with distant metastasis (absent vs present; pooled OR,
4.52; 95% CI, 1.56Y13.09; P = 0.001).
Conclusions: These results suggested that positive tumor-derived MMP-2 expression
could predict a lower overall survival rate and could be an independent dangerous prognostic
factor in patients with ovarian cancer.
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Ovarian cancer is the leading cause of the death of all gy-
necologic tumors.1 Owing to lack of specific and early

symptoms as well as effective diagnostic tests, most patients
with ovarian cancer present with wide metastatic disease at
diagnosis.2 Hence, the prognosis of ovarian cancer is very poor.

The 5-year survival rate for patients with ovarian cancer is
approximately 44%.3

Several clinicopathological features including Interna-
tional Federation of Gynecology and Obstetrics stage, grade
of tumor, and distant metastasis have been recognized as
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effective factors for prognosis of patients with ovarian
cancer.4,5These factors are useful at some time. However, in
most situations, patients with ovarian cancer showed totally
different outcomes even with the similar stage or treated with
same therapies.6 They are insufficient to predict an individual
patient’s prognosis. Thus, there is an urgent need for identifi-
cation and validation of new biomarkers for predicting the
prognosis of patients with ovarian cancer and helping physi-
cians make the most appropriate medication choice.

Metastasis influenced significantly the survival rate of
ovarian cancer. Invasion is a crucial step for tumor metastasis.
In this process, there is tumor cell degradation of basement
membranes and extracellular matrix (ECM),7 which depends
on a series of complex interactions between tumor cells,
host-derived stromal cells, and endothelial cells.8 Matrix
metalloproteinases (MMPs) are a family of 24 secreted
membrane-type proteases that mediate cell invasion, among

which MMP-2 (gelatinase A) plays an important role in cancer
cell invasion responsible for degradation of basement mem-
branes and ECM.9

Expression of MMP-2 in cancer cells was reported
to be significantly higher in advanced ovarian cancer than
in their benign or premalignant counterparts.10 Up to now,
large amount of studies confirmed that MMP-2 expression in
cancer cells was correlated with advanced tumor grade and
progression.11,12 However, not all the related studies showed
consistent conclusions. Some showed no relation between
tumor-derived MMP-2 and survival rate.13,14 In addition,
some studies have revealed that MMPs are detected not only
in tumor cells but also in stromal cells.15 A recent study
showed that stromalMMP-2 expression was also an important
predictor of recurrence-free survival in patients with ovarian
adenocarcinomas.16 Nevertheless, the others showed that
increased expression of MMP-2 is related with good ovarian

FIGURE 1. The flow diagram of studies selection.
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cancer survival.17 Thus, whether tumor-derived or stromal-
derived MMP-2 is a prognostic factor in ovarian cancer was
still contradictory. In addition, these different conclusions
were caused by their limited numbers of samples or other
factors were not clear. Therefore, we conducted this meta-
analysis to quantitatively inspect the significant of expression of
MMP-2 in cancer cells or stromal cells for survival of patients
with ovarian cancer.

MATERIALS AND METHODS

Search Strategy
All relevant studies were searched in PubMed and Web

of Science. We combined the search terms ‘‘ovarian cancer,’’
‘‘ovarian neoplasm,’’ ‘‘ovarian tumor,’’ ‘‘ovarian carcinoma,’’
‘‘epithelial ovarian cancer,’’ ‘‘matrix metalloproteinase-2,’’
‘‘MMP-2,’’ ‘‘prognosis,’’ ‘‘prognostic,’’ ‘‘survival,’’ and ‘‘out-
come’’ for MMP-2 expression and ovarian cancer. The last
search of these studies was updated on May 30, 2014.

Data Extraction
Data obtained from these studies included information

as follows: name of the first author, year of publication,
journal, study location, number of patients, method of de-
tection, method of hazard ratio (HR) estimation, HR, as well
as its 95% confidence interval (CI). If HR and its 95% CI
were not given, we calculated the HRs from the Kaplan-Meier
curve. These works were checked by 2 reviewers indepen-
dently. In the case of conflicting evaluations, agreement was
reached after discussion. All related statistical software and
methods were performed as previously described.18

Statistical Analysis
The association of MMP-2 expression in cancer cells

with grade, TNM stage and distant metastasis, ascites, and
histopathological subtype was evaluated using the pooled
odds ratios (ORs) and their 95% CIs. Hazard ratios and
their 95% CIs were used to evaluate the correlation between
tumor-derived or stromal-derived MMP-2 and the survival
of patients with ovarian cancer. An HR greater than 1.0

TABLE 1. Main characteristics and results of the eligible studies

No.
Article First Author Year

Study
Location

No.
Patients

Methods of
Detection

Methods of HR
Estimation

Pools
HR 95% CI

1 Anna Westerlund, MD 1998 Finland 54 IHC Survival curve 0.89 0.31Y2.50
2 Martine Périgny, MD 2008 Canada 92 IHC HR 0.90 0.52Y1.57
3 Sari Sillanpaa 2007 Finland 323 IHC RR 1.48 1.07Y2.04
4 Ben Davidson 1999 Israel 45 ISH Survival curve 1.43 0.29Y7.15
5 Ke-Jin Huang 2012 China 227 IHC HR 3.73 1.03Y13.04
6 Aparna A. Kamat 2006 America 90 IHC HR 2.74 1.50Y5.02
7 Tekin Ekinci 2014 Turkey 50 IHC Survival curve 1.51 0.46Y4.88
8 Pao-Ling Torng 2003 Taiwan 84 IHC HR 1.70 0.31Y9.23

IHC, immunohistochemistry; ISH, in situ hybridization.

FIGURE 2. Forest plot shows that positive tumor-derived MMP-2 expression indicates a poor prognosis of patients
with ovarian cancer.
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indicated a worse prognosis. To assess the heterogeneity be-
tween the studies, a statistical test for heterogeneity was
performed on the basis of Q test. When P value is greater than
0.10 and I2 is less than 50%, we deemed no heterogeneity, and
fixed-effects model will be used.18 Otherwise, the random-
effects model will be used. The potential publication bias
was assessed through visual inspection of the funnel plots; an
asymmetric plot suggested possible publication bias. The Begg
and Egger test was also used to evaluate the publication bias,
and publication bias exists when P < 0.05.

RESULTS

Characteristics of Studies Analyzed
There were 52 articles relevant to searching strategy.

Fourty-four of them were finally excluded for the following
reasons: (a) no HR could be obtained according to the in-
formation supplied from these articles; (b) the articles were
not written in English; (c) repetition of data; and (d) not

ovarian cancer tissues. Finally, 8 studies were considered to be
eligible, and the flow diagram of the selection process for
relevant studies is shown in Figure 1. The 8 studies were used
for the pooled analysis, and their detailed parameters are
shown in Table 1. The 8 included studies were published
from 1998 to 2014. A total of 965 patients from Finland,
Canada, Israel, China, America, Chinese Taipei, and Turkey
were included for the evaluation of HRs and 95% CIs.
The follow-up times were from 80 to 120 months. Of these,
7 studies evaluated MMP-2 expression in cancer cells with
881 patients and 5 studies were included in the analysis of
MMP-2 expression in stromal cells with 370 patients.

Meta-Analysis of Expression of MMP-2 and
Ovarian Cancer

We first analyzed the HR value of tumor-derivedMMP-
2 expression positive and negative group. Test of heteroge-
neity has shown the following results: W2 = 10.05, I2 = 40.3%,
I2 <50%, P = 0.122, and P > 0.1; hence, the fixed model was

TABLE 2. Subgroup analysis of tumor-derived MM-2 increased expression and prognosis

Stratified analysis No. Study Pools HR (95% CI) P I2 (%) Heterogeneity P

No. patients
Q100 3 1.40 (0.82Y2.40) 0.220 58.6% 0.089
G100 4 1.79 (1.03Y3.08) 0.038 19.0% 0.295

Year
1998Y2000 2 1.03 (0.43Y2.46) 0.956 0.0% 0.627
2000Y2014 5 1.65 (1.06Y2.56) 0.027 55.8% 0.060

Cutoff
Percentage (e5%) 2 1.74 (0.43Y7.06) 0.440 65.8% 0.08
Percentage (>5%) 3 1.31 (0.99Y1.72) 0.055 0.143 0.311
OS (1) 2 2.42 (1.41Y4.15) 0.001 0.0% 0.379

Study location
Europe 3 1.42 (1.06Y1.92) 0.021 0.0% 0.656
Asia 2 2.58 (0.95Y6.97) 0.062 0.0% 0.358
America 2 1.56 (0.52Y4.64) 0.425 85.9% 0.008

TABLE 3. Main results for meta-analysis between tumor-derived MMP-2 and clinicopathological features

Association Between MMP-2
and Clinical Features No. Reference Studies Overall OR (95%CI)

Heterogeneity Test
(Q, I2, P)

Grade(1/2 vs 3) Westerlund et al,17 Sillanpaa et al,19

Kamat et al,20 Ekinci et al21
0.77 (0.532Y1.116) 2.43, 0.0%, 0.49

(fixed-effect)
TNM stage(I/II vs III/IV) Westerlund et al,17 Sillanpaa et al,19

Kamat et al,20 Ekinci et al21
1.21 (0.87Y1.68) 1.91, 0.0%, 0.591

(fixed-effect)
Distant metastasis
(Absent vs Present)

Kamat et al,20 Ekinci et al21 4.52 (1.56Y13.09) 0, 0.0%, 0.969
(fixed-effect)

Histologic type
(serous vs others)

Sillanpaa et al,19 Kamat et al,20

Ekinci et al21
1.16 (0.55Y2.46) 4.63, 56.8%, 0.099

(random-effect)
Ascites(absent vs present) Westerlund et al,17 Kamat et al20 1.30 (0.58Y2.94) 0.04, 0.0%, 0.84

(fixed-effect)
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chosen. There was a difference between the 2 groups (HR,
1.52; 95% CI, 1.06Y2.20), and MMP-2 positive expression
was associated with poor overall survival, with its 95% CI
overlapping with 1 (Fig. 2).

We then evaluated the HR value of prognosis between
MMP-2 positive and negative expression in stromal cells.
The random model was chosen because of heterogeneity
(I2 = 73.3%, P = 0.000, P < 0.1). No difference was observed
between the 2 groups (HR, 1.28; 95% CI, 0.56Y2.92), and
stromal-derived MMP-2 positive expression was not associ-
ated with poor overall survival, with its 95% CI (Fig. 3).

Subgroup Analysis of Tumor-Derived MM-2
Increased Expression and Prognosis

Subgroup analysis of number of patients, publication
year, cutoff, and study location was then performed. The
subgroup analysis indicated a significant relation between
increased tumor-derived MM-2 expression and prognosis
in studies with less than 100 patients (HR, 1.79; 95% CI,
1.03Y3.08; P=0.038), but not in studies with more than 100
patients (HR, 1.40; 95% CI, 0.82Y2.40) (Table 2). The

subgroup analysis also suggested a significant relation be-
tween tumor-derived MMP-2 expression with prognosis in
subgroup of Europe (HR, 1.42; 95%CI, 1.06Y1.92;P = 0.021),
publication year from 2000 to 2014 (HR, 1.65; 95% CI,
1.06Y2.56;P= 0.027), and cutoff detectionmethodwith overall
score (OS) (HR, 2.42; 95% CI, 1.41Y4.15; P = 0.021).

The Correlation of Tumor-Derived
MMP-2 Expression with
Clinicopathological Features

The analysis of association of MMP-2 expression in
cancer cells with clinicopathological features was also per-
formed. As shown in Table 2, no correlation was found be-
tween MMP-2 expression and clinicopathological features,
such as grade (1/2 vs 3; pooled OR, 0.77; 95% CI, 0.53Y1.16;
P = 0.49), TNM stage (I/II vs III/IV; pooled OR, 1.21; 95%
CI, 0.87Y2.68; P = 0.59), ascites (absent vs present; pooled
OR, 1.30; 95% CI, 0.58Y2.94; P = 0.84), and histopatho-
logical subtype (serous vs others; pooled OR, 1.16; 95% CI,
0.55Y2.46; P = 0.099). However, positive MMP-2 expression
in cancer cells was correlated with distant metastasis (absent
vs present; pooled OR, 4.52; 95% CI, 1.56Y13.09; P = 0.001)
(Table 3).

Publication Bias
Both Begg funnel plot and Egger tests were performed

to assess the publication bias of the included literature
(Fig. 4). Both Begg test and Egger test did not suggest any
evidence of publication bias.

DISCUSSION
Current meta-analysis studies of MMP-2 expression

mainly focus on tumor-derived MMP-2,22Y24 and little anal-
ysis is available regarding the expression of MMP-2 in stro-
mal cells of tumors. This meta-analysis, which combined
results from 8 studies of 965 patients, explores the association
of tumor-derived MMP-2 and stromal-derived MMP-2 with
ovarian cancer prognosis.14,16,17,19Y21,25,26 We demonstrated
that the expression of MMP-2 in cancer cells was associated
with a significant reduction of overall survival rate (HR, 1.52;

FIGURE 3. Forest plot shows the relation of positive
stromal-derived MMP-2 expression with prognosis of
patients with ovarian cancer.

FIGURE 4. The Begg and Egger funnel plot evaluated the publication bias of the selected studies.
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95% CI, 1.06Y2.20), whereas the expression of MMP-2 in
stromal cells did not appear to have an overall influence on
the patients survival rate of ovarian cancer (HR, 1.28; 95%
CI, 0.56Y2.92).

Ovarian cancer is usually diagnosed in advanced stages.
Metastasis is the most important characteristics of advanced
cancer. It is known that tumor metastasis occurs by a series of
steps including invasion, vessel formation, cell attachment,
and cell proliferation.27 Invasion is one important step in the
process of cancer metastasis. This process requires different
cellular proteolytic enzymes, among which MMPs are one of
important families of proteinases responsible for the ECM
destruction. Among more than 20 identified MMPs, MMP
2 can efficiently degrade native collagen types IV and V, fi-
bronectin, entactin, as well as elastin. Therefore, MMP 2 is
considered one of crucial proteases for cell invasion. In our
meta-analysis, tumor-derivedMMP 2 have a relationship with
distant metastasis (absent vs present; pooled OR, 4.52; 95%
CI, 1.56Y13.09; P = 0.001), indicating that MMP 2 has an
important role in cancer metastasis.

According to our meta-analysis, there were several
clinical significances. First, increased tumor-derived MMP-2
expression significantly predicted poor prognosis of patients
with ovarian cancer, and tumor-derived MMP-2 could be a
therapeutic target and a tool for assessing treatment. Second,
the subgroup analysis indicated that increased tumor-derived
MMP-2 expression significantly predicted poor prognosis of
patients with ovarian cancer in Europe, but not in Asia and
America. Third, the cutoff value with OS indicated that in-
creased tumor-derived MMP-2 expression in ovarian cancer
significantly predicted poor prognosis but not with percent-
age. It could be that the cutoff value with OS is more com-
prehensive than percentage. A conclusion remains to be seen
in further investigations.

Matrix metalloproteinases can be produced by tumor
cells and the surrounding stromal cells, such as fibroblasts and
vascular endothelial cells.15 Although some of them showed
that positive stromal MMP-2 expression was clearly associated
with poor prognosis of patients with ovarian cancer, several
reports also found otherwise. For example, Westerlund et al17

found a statistically significant correlation between the negative
stromal fibroblast staining for MMP 2 and patient groups with
poor prognosis of patients with ovarian cancer. Thus, we next
investigated the association of MMP-2 expression in stromal
cells with prognosis of ovarian cancer by a meta-analysis with
378 patients. Unexpectedly, no significant difference was ob-
served in survival of ovarian cancer patients with stromal-de-
rived MMP-2 positive and stromal-derived MMP-2 negative
(HR, 1.23; 95% CI, 0.49Y3.10). The role of stromal cells-
derived MMP 2 in progression of ovarian cancer is poorly
understood. This could be caused by their limited numbers of
samples. Thus,more studieswere needed to take into account to
evaluate the real association between stromal cells-derived
MMP 2 and survival of patients with ovarian cancer.

Although we did our best to conduct a comprehensive
analysis, some limitations still exist. First, the sample size of
some selected studies is limited, so it is difficult to make a
definite conclusion on the prognostic value of MMP 2 among
patients with ovarian cancer. Second, different cutoff value

methods for positive MMP-2 expression were applied on
these studies, resulting in inconsistent conclusions. In addi-
tion, some clinicopathological features of many studies were
not given. Therefore, biases were unavoidable in this study, all
of which seem to affect our analysis, so further studies are
needed to take into account to evaluate the real association
between MMP-2 expression and patients with ovarian cancer.

In conclusion, our meta-analysis revealed that tumor-
derived MMP 2 was involved in the development of ovarian
cancer and that positive tumor-derivedMMP-2 expression was
significantly associated with worse prognosis of patients with
ovarian cancer. In terms of the present results, an evaluation of
the tumor-derived MMP-2 expression of patients with ovarian
cancer could provide relatively accurate prognostic informa-
tion, and our results could be helpful to provide evidence for
effective strategies of further treatment of ovarian cancer.
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