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Abstract
Background: In recent years, matrix metalloproteinase 9 (MMP-9) has been consideredto be an indicator
of the aggressiveness and recurrence of pituitary adenomas, especially in China. However, some results
have led to many conflicts. Therefore, it is necessary to perform a meta-analysis to obtain a clear
correlation between MMP-9 and invasiveness and recurrence.
Methods: Eligible studies obtained through multiple searches were included, and the odds ratios (ORs)
and hazard ratios (HRs) with 95% confidence intervals (95% CIs) were estimated. Funnel plots were used
to evaluate publication bias. In the current meta-analysis, 23 articles with a total of 1,213 patients were
included, including three studies conducted in Europe and China.
Results: High MMP-9 expression and invasiveness of pituitary adenomas (n = 22, OR = 4.75, 95% CI =
3.53-6.39, p<0.05) and tumour recurrence (n = 3, OR = 4.38, 95% CI = 1.76-10.94, p = 0.002) were closely
related. In addition, the expression of MMP-9 in patients with functional and non-functional pituitary
adenomas was also significantly different (n = 3, OR = 2.07, 95% CI = 1.03-4.16, p = 0.041).
Conclusion: MMP-9 is closely related to the invasiveness, functional status and recurrence of pituitary
adenoma and should be used as a routine diagnostic index for surgical treatment of pituitary adenoma.

Background
Pituitary adenomas account for approximately 15% of intracranial tumours and are listed as the second
most common intracranial tumour[1, 2]. Most pituitary adenomas are benign and do not exhibit swelling.
However, approximately 30–40% of pituitary adenomas are highly invasive and can penetrate into
surrounding tissues[3]. For many years, similar to the treatment of prolactinomas, surgical removal of
pituitary adenomas has been the first choice for treatment. It is worth noting that complete removal of
invasive pituitary adenomas is difficult due to the massive invasion of adjacent tissues such as the
cavernous sinus and dura. Despite other clinical treatments, such as radiation therapy and alternative
medical treatments, pituitary adenomas tend to relapse and are not sensitive to these therapies[4]. The
current diagnosis of invasive adenoma is based on preoperative imaging, gross observation during
surgery, and histopathology results after surgery. Surgeons still lack an accurate diagnostic biomarker to
assess the aggressiveness or predict clinical outcomes of pituitary adenomas[5]. Although many studies
have shown that pituitary adenomas are monoclonal in origin[6], the pathogenesis and invasive
progression of pituitary adenomas have not been clarified. Nevertheless, some biomarkers of pituitary
adenoma invasiveness have been proposed[7, 8]. However, these results have not been confirmed and are
not generally accepted by all clinicians. We hope to predict the biological progress of tumours through
molecular markers, which has potential application value for tumour diagnosis and targeted therapy.
Therefore, it is necessary to identify a biomarker to manage aggressive pituitary adenomas and improve
patient prognosis [9].
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Matrix metalloproteinase 9 (MMP-9), also known as type IV collagenase or gelatinase B[10, 11],is a zincdependent protein. Due to its capacity for extracellular degradation, MMP-9 is thought to be involved in
the aggressiveness of a variety of human malignancies such as breast[12], prostate[13], bladder[14], and
pancreatic cancer [15]. Previous studies have shown that the expression of MMP-9 in pituitary adenomas
may contribute to the biological occurrence and development of pituitary adenomas, including the
invasion, recurrence and spread of pituitary adenoma cells. Therefore, understanding the role of MMP-9
in the invasion and prognosis of pituitary adenomas provides a basis for developing effective clinical
treatment strategies .
Many studies have suggested that MMP-9 expression may be involved in the occurrence and
development of pituitary adenomas[16–18]. However, some reports have shown opposite results[19, 20].
Based on these contradictions, we performed a meta-analysis to provide a more comprehensive and
reliable conclusion regarding whether MMP-9 expression is correlated with human pituitary adenoma .

Results

Search Results And Characteristics Of Studies
The article retrieval strategy is shown in Fig. 1. Initially, 102 articles were generated through a structured
literature search. After reviewing the title and abstract, 59 articles were excluded, of which 18 involved in
vitro experiments, 35 were studies of other types of MMPs, and 6 were in vivo studies. Then, the
remaining 43 articles were screened a second time, and 20 were excluded for the following reasons: 3
used continuous variables, 5 were retrospective, and 12 had insufficient data. However, only three studies
were conducted in Europeans patients, and other studies were conducted in Chinese patients. Ultimately,
23 eligible articles were included.
Table 1 summarizes the general characteristics of the 23 studies. There were 1,213 patients with an
average age of 42.2 years. Most studies were conducted in Chinese populations. The positive expression
rate of MMP-9 was 49.0[19] to 96.7%[20]. Three studies provided only recurrence data[18, 21, 22], and 23
studies provided invasion data. In addition, three articles provide functional status data[19, 23, 24]. IHC
methods were used to detect MMP-9 protein in pituitary adenoma tissue. If the nucleus or cytoplasm was
stained, MMP-9 expression was considered positive. Regarding the critical value of positive expression,
three studies included staining scores based on the intensity and percentage of stained cells, while other
studies only used percentages.

Study Quality
We evaluated the quality of the studies based on a hypothetical ELCWP scale. The detailed scores are
shown in Table 2. The overall average score of the study was 80.8%. In all studies, the average score for
research methods and analysis of resultswas 8.2points, which was the same asthe score for design (8.2
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points) and higher than that forgenerality (7.7 points). The average total scores for invasion, relapse, and
functional status were 78.5%, 83.3%, and 83.3%, respectively. According to a t-test, the difference between
infiltration and recurrence was not statistically significant, indicating that the study baseline
characteristics were homogeneous.

Main Outcomes Of The Meta-analysis
We classified pituitary adenomas as invasive and non-invasive. Twenty-two articles (Table 1) provided
invasive status information, among which 514 patients with invasive pituitary adenomas had high MMP9 expression. As shown in Fig. 2, a fixed-effects model showed a significant correlation between MMP-9
expression and invasiveness (n = 22, OR = 4.75, 95% CI = 3.53–6.39; p = 0.000), while MMP-9 expression
was also related to functional status (n = 3, OR = 2.07, 95% CI = 1.03–4.16; p = 0.041) through a fixed
effect model. The correlations between MMP-9 and age and gender could not be determined due to
insufficient sample size. The expression of MMP-9 in postoperative pituitary adenoma tissues has been
suggested to allow prediction of the occurrence of invasive adenoma, and high expression of MMP-9 can
be used as a clinical diagnosis marker.
In addition, three articles reported the value of MMP-9 overexpression with regard to determining the
prognosis. After the meta-analysis, the expression of MMP-9 was significantly correlated with tumour
recurrence (n = 3, OR = 4.38, 95% CI = 1.76–10.94; p = 0.002), (Fig. 3), suggesting that MMP-9 can
effectively predict the tumour prognosis.

Publication Bias And Sensitivity Analysis
In this meta-analysis, according to the Begg’s and Egger’s test, 22 studies on invasion exhibited
significant publication bias (p = 0.159, 0.009), while MMP-9 and relapse or functional status studies did
not show any bias(p = 0.296, 0.512;p = 0.296, 0.279). Similarly, the funnel plot revealed an asymmetric
distribution of all intrusion studies (Fig. 4a), further demonstrating publication bias. In addition, a
sensitivity analysis showed that no individual studies significantly affected the pooled ORs of MMP-9
and invasion status, suggesting that the results of this meta-analysis are robust. The detailed results are
shown in Fig. 4b.

Disussion
Recent studies have shown that multiple biological and genetic variations of pituitary cancer cells may be
one of the causes of a poor prognosis in patients with pituitary tumours[25]. Among them, MMP-9 is the
most common factor due to direct invasion of surrounding tissues and blood vessels. Numerous studies
have shown that MMP-9 plays an important role in tumour invasion and recurrence. Due to the important
role of MMP-9 in tumour biology, it has been recommended as a prognostic factor and therapeutic target
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in other tumours[26, 27]. At present, it is unclear whether MMP-9 can be used as an indicator of pituitary
adenoma invasion and recurrence.
In this study, we investigated the effect of MMP-9 expression on the invasiveness and recurrence of 23
pituitary adenomas using large sample data. Here, the quality assessment was performed using a
hypothetical ELCWP scale, which showed significant differences across all studies. If significant
heterogeneity was observed among the studies, a random effects model, which provides a more
conservative standard error and a larger CI, was chosen to determine the pooled OR /HR estimate. Our
analysis showed that MMP-9 expression was significantly correlated with invasiveness (n = 22, OR = 4.75,
95% CI = 3.53–6.39; p = 0.000) in 1153 patients. Using a fixed effect model, MMP-9 expression was also
related to functional status (n = 3, OR = 2.07, 95% CI = 1.03–4.16; p = 0.041), but because of the small
sample size, correlations between MMP-9 and age or gender could not be observed. In addition, the
expression of MMP-9 was significantly related to tumour recurrence (n = 3, OR = 4.38, 95% CI = 1.76–
10.94; p = 0.002), (Fig. 3), suggesting that MMP-9 can effectively predict tumour recurrence. Clinical
evidence is needed to provide effective treatment strategies to improve patient health. Our results confirm
that MMP-9 is effective for predicting invasive pituitary adenoma in clinical practice.
Next, we used the classical Q test to assess heterogeneity. According to the criteria, when p < 0.10 and/or
I2 > 50%, heterogeneity was considered statistically significant. In this meta-analysis, no significant
heterogeneitywas found among the studies of invasion, relapse, and functional status. Therefore, a fixed
effects model was recommended in the analysis. However, several limitations of this study should be
considered. First, the expression of MMP-9 in the Chinese population, which was examined most studies,
was determined by IHC analysis. In general, IHC strongly relies on methodological factors such as
primary and secondary antibody titres. However, it was very difficult to perform subgroup analyses based
on different types of antibodies to investigate other possible biases. In addition, substantial differences in
the cut-off values were observed among the studies. To date, no related studies have explored this
hypothetical criterion for positive expression, which may be a potential source of bias. Unfortunately,
most studies did not provide complete results and data, although this may not affect the bias.
In addition, publication bias is an important issue in systematic reviews, and it may cause bias. Most
studies tend to report positive results, while studies with negative results are often rejected. In this study,
both the Egger’s and Begg's p-value tests and funnel plots implied publication bias. However, it should be
noted that the languages of published articles included in this meta-analysis were limited to English and
Chinese, which may cause publication bias regarding studies published in other languages that met our
inclusion criteria.

Conclusion
In summary, MMP-9 expression is indeed related to tumour invasion and is an important factor in the
recurrence of pituitary adenoma in patients. Therefore, the detection of MMP-9 in the pathological
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analysis will provide new ideas for accurately predicting the prognosis of patients, and it is also of great
significance for selecting appropriate treatment methods.

Methods

Search Strategy
Literature searches were performed using the PubMed, Embase, Ovid, CNKI, and Wanfang databases
through July 2019. No source or language restrictions were applied. The search terms included the
following: "Matrix metalloproteinase 9"or "MMP9", "Pituitary adenoma", "Pituitary tumor", "Expression",
"Invasive". All citations of the retrieved articles were scanned to identify other reports that may be
available.

Study Selection
Two reviewers independently selected eligible studies. Any disagreements between the two reviewers
were resolved through discussions with a third reviewer. The inclusion criteria were as follows: (1)
pituitary adenomas confirmed by the pathology department; (2) the main research results focused on
invasion, recurrence and hormone secretion; (3) immunohistochemical (IHC) identification of MMP-9
expression; (4) the hazard ratio (HR) and 95% confidence interval (CI)forMMP-9 expression and the
biological behaviour of the tumour could be obtained directly from the article or calculated according to
the graphs and tables given in the article; (5) for duplicate articles, only the most complete and/or
recently published articles were used in the study.

Data Extraction
The following data were independently collected by two reviewers using specifically designed tables: first
author name, year of publication, country, histology, research method, invasion, relapse, number of
patients, mean age, cut-off value of stained cells, and positive rate. Any disagreements between the two
reviewers were resolved by a third reviewer.

Quality Assessment
We evaluated the methodological quality of the included studies by reading and scoring each publication
according to the Biological Prognostic Factor Quality Scale established by the European Lung Cancer
Working Group (ELCWP) [28]. The scale assesses scientific design, laboratory methods, generality, and
analysis of results. Each category can reach a maximum of 10 points, with a possible maximum value of
40 points. The two researchers compared their calculated scores and, if necessary, reached a consensus
score for each category during a meeting. The final score represents the percentage of the maximum
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achievable points, ranging from 0 to 100%. Therefore, higher values represent better methodological
quality.

Data Synthesis And Analysis
The overall survival outcome data were synthesized using the prolonged HR as the operating index,.
Some included studies directly provided the HR and 95% CI. For studies that did not directly provide the
exact HR and 95% CI, data were extracted from the original documentation, text or/and graphics,
andSPSS13.0 software, Engauge Digitizer version 4.1 and the methods introduced by Tierney et al[29].
and Parmar et al. [30]were used to calculate these values.
To assess heterogeneity among the studies, we used the sum of squares Q test. If the heterogeneity was
significant (p < 0.1), a random effects model was used. Otherwise, we used a fixed effects model. A
funnel plot created using the Begg’s and Egger’s tests was used to study publication bias [31].
A sensitivity analysis was performed to verify the stability of the pooled results. The effect of MMP-9 on
tumour invasion and recurrence was considered statistically significant if the corresponding 95% CI for
the HR and/or OR did not overlap. The p values were two-sided, and a value of p < 0.05 was statistically
significant. Statistical calculations were performed using Stata version 11.0 and RevMan version 5.0.
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Tables
Due to technical limitations, Tables 1-2 are provided in the Supplementary Files section.
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Figure 1
Literature search and selection of articles
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Figure 2
The individual and pooled ORs with 95% CIsforMMP-9 andinvasiveness and functional status. A fixed
effects model revealed an associationbetween MMP-9 and invasiveness(n=22, OR=4.75, 95% CI=3.536.39; p=0.000),as well as between MMP-9 and functional status(n=3, OR=2.07, 95% CI=1.03-4.16;
p=0.041)
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Figure 3
The individual and pooled ORs with 95% CI for MMP-9 and recurrence. A fixed effects model revealed an
associationbetween MMP-9 and recurrence (n=3, OR=4.38, 95% CI=1.76-10.94; p=0.002)

Figure 4
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Funnel plot and sensitivity analysis. A funnel plot was designed tovisualize potential publication bias.
The shape of the funnel plotfor all studiesrevealed obvious evidence of asymmetry, suggestingthe
existence of publication bias. A sensitivity analysis showed that all estimates (small cycle) were
veryclose to the middle line.
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