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Introduction

Pituitary adenomas (PAs) represent 10% to 
25% of all intracranial neoplasms. PAs are gen-
erally divided into two categories based on 
their ability to invade the surrounding tissues. 
Approximately 40% are invasive PAs (IPA) but 
most are being benign PAs [1, 2]. Generally, 
IPAs are considered adenomas with proven 
growth to adjacent structures, like sphenoid 
sinuses, bone, and cavernous sinuses. Inva- 
siveness can be observed through pre-surgical 
MRIs, during surgery, or with histopathological 
analysis and demonstration of tumor spread to 
the bone, dura, or nasal mucosa. The most 
commonly used method of identifying inva-
sions is sellar MRI. The Knosp grading system 
has also been widely used. However, cellular 
morphological differences between these two 

types of PAs are insignificant and it is difficult 
for neurosurgeons to distinguish between them 
using traditional pathological tests. It is, there-
fore, necessary to explore new avenues, such 
as available biomarkers [3].

CD147 is a surface molecule on tumor cells 
that stimulates nearby fibroblasts to produce 
MMP-1, MMP-2, and MMP-3 [4]. ECM degrada-
tion via matrix MMPs is a key step in tumor 
metastasis, invasion, and tissue remodeling. 
Some scholars have demonstrated that MMP  
is produced more during tumor invasion [5]. 
CD147’s roles in prognosis, diagnosis, and can-
cer treatments have recently been discussed, 
including pancreatic cancer [6], gastric cancer 
[7], prostate cancer [8], melanoma [9], breast 
cancer [10], and non-small cell lung cancer 
[11]. A few studies on CD147 have been per-
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formed in pituitary neoplasms [12, 13], but the 
exact roles of CD147 in invasive behaviors of 
PAs are debatable and unclear. A meta-analy- 
sis can resolve between-study heterogeneity. 
Therefore, the present study extracted all data 
from published articles and systematically eval-
uated the essential implications of CD147 in PA 
invasive features.

Sometimes the terms “invasive” and “aggres-
sive” are confused. The term ‘aggressive’ pitu-
itary tumors is not well-defined and can be 
interpreted differently by individual clinicians. 
One aspect of aggressiveness is invasive 
expansion into surrounding anatomical struc-
tures. There is also great variation in the litera-
ture regarding the definition of invasiveness 
based on imaging features, histological proof of 
sphenoid sinus mucosal invasion, and/or intra-
operative findings. Furthermore, the precise 
anatomical structure infiltrated is of impor-
tance since invasion of the clivus or sphenoid 
bone, as opposed to cavernous sinus invasion, 
is more indicative of aggressive behavior. In 
Hardy’s classification, for example, only grade 
III (focal bone erosion) and grade IV (extensive 
bone erosion including skull base) tumors are 
considered invasive. Moreover, regarding para-
sellar invasion of cavernous sinuses, according 
to Knosp’s classification, only grade III and IV 
adenomas are considered truly invasive.

Methods

Search strategy, data extraction, and quality 
assessment

A literature search was performed using Pub- 
Med, Google Scholar, Embase, China National 
Knowledge Internet (CNKI), and Wanfang data-
bases up through October 2017. There were  
no restrictions regarding sources, languages, 
and publication types. Search strategy was 
“(((((((((invasiveness) OR invasive) OR invasion) 
OR aggressive) OR aggressiveness) OR atypi-
cal) OR non-typical) OR Refractory)) AND ((pitu-
itary adenoma [Title/Abstract]) OR pituitary 
adenoma [MeSH Terms]) AND ((CD147 [Title/
Abstract]) OR CD147 [MeSH Terms])”. The only 
reliable criteria of invasiveness were grade 4, 
3b knosp’s grading, sphenoid invasion, and 
cavernous sinus invasion when the tumor 
extended between the bone and dura and his-
tological data (bone, dura mater invasion, etc.). 
Related references were reviewed to find other 

potentially eligible studies. Study authors were 
contacted to identify additional studies and 
request missing data (first through email- if no 
response, authors were contacted by tele-
phone). Inclusion criteria are listed in Table 1.

Two reviewers collected the following informa-
tion, independently, using a purpose-designed 
form: name of first author, publication year, 
country, histology, study methods, invasive be- 
haviors, patient number, mean ages, and the 
positive percentage of CD147 expression in  
the tumor specimen. Quality assessment was 
done using the ELCWP scale (Table 2). Disa- 
greements between the two reviewers were 
settled by discussion with a third reviewer.

Data synthesis and analysis

This meta-analysis was performed in accor-
dance with PRISMA checklists and guidelines 
(it can be accessed through http://www.pris-
ma-statement.org/). Differences are express- 
ed as ORs with 95% CIs or SMDs with SD. The 
Galbraith figure, Cochran’s Q-test, and I2 tests 
(variation in OR attributable to heterogeneity) 
(Table 2) were performed to judge the hetero-
geneity between included studies. If no hetero-
geneity was detected, a fixed-effects model 
was applied. Otherwise, a random-effects mo- 
del raised by Laird and DerSimonian was used. 
To examine the stability of pooled results, sen-
sitivity analysis (Table 2) was performed using 
the one-at-a-time method. Potential publication 
bias was assessed using visual inspection of 
contour-enhanced funnel plots (Table 2).

All P values were two-sided. P < 0.05 indicates 
statistical significance. Statistical analyses 
were performed using STATA 13.0 (StataCorp 
LP, College Station, TX, USA).

Results

Search results and characteristics of studies

The article search process was performed as 
presented in Figure 1. A total of 11 studies [14-
20] (including 2 unpublished studies from Shi 
et al. and Meng et al. and 1 unpublished study 
of our own) eventually met the inclusion crite-
ria. Each of the 11 studies were conducted in 
Asian populations. Baseline characteristics are 
shown in Table 3. CD147 levels were measured 
using IHC in 9 studies and RT-PCR in 2 studies. 
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Table 1. Inclusion criteria for study selection in this meta-analysis
Number Inclusion criteria
1 The patients were confirmed with the diagnosis of invasive pituitary adenoma by pathologists, radiologist and neurosurgeons.

2 The main outcome of the study was pituitary adenomas’ invasiveness.

3 A CD147 expression model was identified using immunohistochemistry (IHC), reverse transcription PCR (RT-PCR), real-time quantitative PCR (qPCR) or other reliable molecular biological methods.

4 The OR with a 95% confidence interval (95% CI), the mean value with standard deviation (SD) between CD147 expression and pituitary adenomas’ invasiveness could be obtained from articles 
directly or calculated based on the figures or tables given in articles, or through contacting the authors.

5 For the duplicate articles, only the most complete or the most newly published one was included.

Table 2. The statistical methods used in this meta-analysis and there explanation
Statistic means Goals and Usages Explanation
European Lung Cancer Working Party scale To do quality assessment of the literatures The highest score is 10 for each factor so that the highest total score for one source is 40. The final 

scores were calculated by dividing the actual score by 40. Therefore, the scores determined the quality 
of the sources.

Labbe plot To evaluate heterogeneity between the included studies In Labbe figure, if the points basically present as a linear distribution, it can be taken as an evidence of 
homogeneity.

Galbraith plot To evaluate heterogeneity between the included studies In the Galbraith plot, if the circles are all distributed within the region bounded by the upper line and 
lower line, this can be taken as evidence of no significant heterogeneity.

Cochran’s Q test To evaluate heterogeneity between the included studies Cochran’s Q test is an extension to the McNemar test for related samples that provides a method for 
testing for differences between three or more matched sets of frequencies or proportions. Heterogene-
ity was also considered significant if P < 0.05 using the Cochran’s Q test.

I2 index test To evaluate heterogeneity between the included studies The I2 index measures the extent of true heterogeneity dividing the difference between the result of the 
Q test and its degrees of freedom (k-1) by the Q value itself, and multiplied by 100. I2 values of 25%, 
50% and 75% were used as evidence of low, moderate and high heterogeneity, respectively.

Sensitivity analysis To examine the stability of the pooled results A sensitivity analysis was performed using the one-at-a-time method, which involved omitting one study 
at a time and repeating the meta-analysis. If the omission of one study significantly changed the result, 
it implied that the result was sensitive to the studies included.

Contour-enhanced funnel plot Publication bias test Visual inspection of the Contour-enhanced funnel plots was used to assess potential publication bias. 
Asymmetry in the plots, which may be due to studies missing on the left-hand side of the plot that 
represents low statistical significance, suggested publication bias. If studies were missing in the high 
statistical significance areas (on the right-hand side of the plot), the funnel asymmetry was not consid-
ered to be due to publication bias
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When the cytoplasm or nucleus was stained in 
IHC tests, CD147 was defined as positive.

Methodological quality

Putative ELCWP (Table 2) was adopted to ju- 
dge methodological qualities of the studies. 
Table 4 presents the quality results. The mean 
score of all studies was 80.81%. Results an- 
alysis received a mean of 8.23, followed by 
design (8.10), method (8.02), and generalizabil-
ity (7.97). IHC studies had a mean value of 

81.43% while non-IHC studies had a mean 
value of 80.25%.

Meta-analysis for CD147 and PA invasiveness

Information on PA invasiveness was available  
in 9 studies with dichotomous data and 4 stud-
ies with continuous data (Table 3). There were 
375 IPAs and 311 non-invasive PAs in all includ-
ed studies, respectively. From the Labbe plot  
of dichotomous studies (Figure 2A), the points 
did not present as a linear distribution, sug-

Figure 1. Literature search and 
selection of articles.
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gesting heterogeneity among these studies (Q 
= 36.88, d.f. = 8, I2 = 78.3%, p < 0.001). Con- 
sequently, the data was summarized with a ran-
dom effects model. As revealed in Figure 3A, 
the forest plot demonstrated that expres- 
sion levels of CD147 in IPAs were much high- 
er than in non-invasive PAs. Pooled ORs indi-
cated a significant positive correlation between 
CD147 levels and the invasive intensity of PAs 
(OR 5.971, 95% CI 2.375, 15.014; p < 0.001). 
Pooled results were not consistent with our 
own data (unpublished yet). For studies with 
continuous data, differences were reflected as 
SMDs with 95% Cis. Heterogeneity testing was 
conducted by means of Galbraith plot. In Figure 
2B, not all points fell within the appointed 
region, thus heterogeneity was indicated (Q = 
228.91, d.f. = 3, I2 = 98.7%, p < 0.001). Using a 
random effects model, the forest plot (Figure 
3B) also showed a strong correlation between 
CD147 expression and invasiveness (SMD 
-2.228, 95% CI -2.831, -1.625; p < 0.001).

Meta-analysis of different phenotype issues for 
PA invasiveness

The present study tested correlation between 
CD147 levels and tumor size, tumor shape, 
whether the suprasellar region was invaded, 

and whether the sphenoidal sinus was invaded. 
From the Labbe plots, Cochran’s Q-tests, and I2 
tests [21, 22], heterogeneity was detected in 
tumor shape (Q = 6.68, d.f. = 4, I2 = 0.0%, p = 
0.154; Figure 2D) and sphenoidal sinus inva-
sion (Q = 3.64, d.f. = 1, I2 = 72.5%, p = 0.056; 
Figure 2F). For tumor size (Q = 6.68, d.f. = 4, I2 
= 0.0%, p = 0.154; Figure 2C) and suprasellar 
invasion (Q = 2.84, d.f. = 2, I2 = 29.6%, p = 
0.242; Figure 2E), homogeneity was good. Five 
studies, including 173 patients, whose tumor 
size < 1 cm and 162 patients whose tumor size 
≥ 1 cm concerned the tumor size issue. Mo- 
reover, 114 regular shaped patients and 112 
irregular shaped patients in 3 studies con-
cerned the tumor shape issue. Also, 79 patients 
without suprasellar invasion and 80 patients 
with suprasellar invasion in 3 studies con-
cerned the issue of whether suprasellar regi- 
on was invaded and 60 patients without sph- 
enoidal sinus invasion and 64 patients with 
sphenoidal sinus invasion in 2 studies con-
cerned the issue of whether sphenoidal sinus 
was invaded. Significant positive association 
between CD147 expression and tumor size (OR 
2.700, 95% CI 1.690, 4.316; p < 0.001; Figure 
3C) and CD147 expression and suprasellar 
invasion variable (OR 3.605, 95% CI 1.723, 
7.543; p = 0.001; Figure 3E) was detected. 

Table 4. Methodological Characteristics of 11 Included Studies
Studies’ Category Number of studies Design Method Generalizability Results analysis Global score (%)
All studies 11 8.10 8.02 7.97 8.23 80.81 
Dichotomous data 9 8.16 8.04 8.10 8.27 81.43 
Continuous data 4 7.95 8.00 7.85 8.30 80.25 
p value - 0.358 0.778 0.154 0.914 0.419 

Table 3. Characteristics of the 9 Included Studies

Year Study ID Population Number Mean 
Age, y

Male 
(patients 
number)

Invasive 
(patients 
number)

Non-invasive 
(patients 
number)

Method Cutoff (%) Positive 
(%) Data type

2005 Huo et al. Asian 55 43.8 29 32 23 RT-PCR IHC Yellowish-brown 78.18 Dichotomous

Positive NA Continuous

2006 Yang et al. Asian 55 36 29 32 23 IHC Positive 72.73 Dichotomous

2007 Meng et al. Asian 102 41.6 64 49 53 IHC Positive 55.89 Dichotomous

2008 Feng et al. Asian 63 38.12 29 43 20 IHC Score = 1 (5%) 85.71 Dichotomous

2008 Zhang et al. Asian 34 NA NA 24 10 IHC Score = 1 76.47 Dichotomous

2009 Li et al. Asian 35 47.8 20 21 14 IHC Positive NA Continuous

2009 Zhang et al. Asian 60 36 28 30 30 IHC 5 63.33 Dichotomous

2010 Qu et al. Asian 74 38.3 39 40 34 qRT-PCR IHC 5 68.92 Dichotomous

Positive NA Continuous

2010 Guo YC Asian 60 38 26 30 30 RT-PCR Positive NA Continuous

2013 Shi et al. Asian 58 44.2 27 29 29 IHC Positive 53.45 Dichotomous

2016 Kong et al. Asian 90 39.7 48 45 45 IHC Positive 57.78 Dichotomous
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Figure 2. Labbe plots or Galbraith plot of included studies focusing on the correlation between CD147 and PA invasiveness, tumor size and shape, and suprasellar 
and sphenoidal sinus invasion. Labbe plot of studies with dichotomous data concerned the PA invasiveness issue (A). Galbraith plot of studies with continuous data 
concerned the PA invasiveness issue (B). Labbe plots concerned the tumor size issue (C), tumor shape issue (D), suprasellar invasion issue (E), and sphenoidal 
sinus invasion issue (F).
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There was no significant association between 
CD147 expression and tumor shape (OR 1.547, 
95% CI 0.321, 7.463; p = 0.587; Figure 3D) or 
sphenoidal sinus invasion (OR 1.754, 95% CI 
0.189, 16.296; p = 0.621; Figure 3F).

Sensitivity analysis and publication bias

Explanations for sensitivity analysis and publi-
cation bias, including the statistical approa- 
ches, are listed in Table 2. Sensitivity analysis 
was performed to calculate the influence of 
each individual study on pooled ORs and SMD 
data by omitting each study. Results of the 
analysis suggest that no individual studies sig-
nificantly affected pooled ORs of survivin and 
invasiveness, indicating statistically robust re- 
sults (Figure 4A-C). A contour-enhanced funnel 
plot was used to reflect publication bias, indi-
cating that the studies had missing areas for 
high statistical significance (in the right-hand 
side of the plot), suggesting no publication bias 
(Figure 4D-F). 

Discussion

CD147 is a member of the immunoglobulin 
superfamily, with a structure related to the 
putative primordial form of the family [24]. In 
the last several years, studies have suggest- 
ed that CD147 overexpression correlates to 
tumor biology and prognoses, which may be 
related to its roles in producing MMPs, an 
important step for tumor metastasis and inva-
sion and tissue remodeling [25]. The number of 
studies about CD147 has been growing every 
year (Figure 5). The countries producing these 
studies are primarily concentrated in East Asia, 
North America, and Europe (Figure 6). Studies 
have found that CD147 expression was signifi-
cantly higher in IPAs than in non-invasive PAs. 
However, few studies have described, compre-
hensively, the precise clinical significance of 
CD147 in PA patients and the specific roles of 
CD147 in PA invasiveness. Results or conclu-
sions in different studies have remained con-
troversial. Therefore, it is still unclear whether 
CD147 can be used as a biomarker to predict 
the invasive tendency in PAs. The present study 

combined PubMed, Google Scholar, Embase, 
China National Knowledge Internet (CNKI), and 
Wanfang databases, up through May 2016, to 
systematically analyze the clinical effects of 
CD147 on PA invasiveness.

Survivin expression was investigated in 11 
studies, as well as its association with PA’s 
invasiveness in 686 patients. Quality assess-
ment of eligible studies was performed by read-
ing and scoring each article based on the 
ELCWP. Overall, scores of the 11 studies in 
terms of design, method, generalizability, and 
results analysis remained fine, suggesting rela-
tively good quality. Present analysis showed 
that CD147 levels were positively associated 
with PA invasiveness (dichotomous: OR 0.070, 
95% CI 0.007, 0.678; p = 0.022; continuous: 
SMD 0.070, 95% CI 0.007, 0.678; p = 0.022), 
tumor size (OR 0.070, 95% CI 0.007, 0.678; p = 
0.022), and suprasellar invasion (OR 0.070, 
95% CI 0.007, 0.678; p = 0.022). No significant 
correlation between CD147 and tumor shape 
(OR 0.070, 95% CI 0.007, 0.678; p = 0.022) or 
sphenoidal sinus invasion (OR 0.070, 95% CI 
0.007, 0.678; p = 0.022) was detected.

Publication bias is a major concern when con-
ducting systematic meta-analyses. Most stud-
ies report positive outcomes, while studies with 
negative results are often rejected. In the pres-
ent study, contour-enhanced funnel plots indi-
cated publication bias. It is worth noting, how-
ever, that the languages of eligible published 
articles in this meta-analysis were mainly 
English and Chinese. This may have resulted in 
publication bias because studies published in 
other languages did not meet the inclusion 
criteria.

CD147 expression levels were associated with 
pituitary adenoma invasiveness (CD147 corre-
lated to tumor size and suprasellar invasion 
rather than tumor shape and sphenoidal sinus 
invasion), thus CD147 may serve as a potential 
diagnostic marker or therapy target. Present 
results may help to identify invasive pituitary 
adenomas without seeing the invasion in the 
microscope or without distinct findings in MRIs. 

Figure 3. Forest plots (individual and pooled effects with 95% CI) regarding the correlation between CD147 and PA 
invasiveness (A, dichotomous, random effect model; B, continuous, random effect model), tumor size (C, fixed effect 
model), tumor shape (D, random effect model), suprasellar invasion (E, fixed effect model), and sphenoidal sinus 
invasion (F, random effect model).
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Figure 4. Sensitivity analysis plots and contour-enhanced funnel plots of included studies focusing on the correlation between CD147 and PA invasiveness, tumor 
size and shape, and suprasellar and sphenoidal sinus invasion. Sensitivity analysis concerned the PA invasiveness issue (A, for studies with dichotomous data; B, 
for studies with continuous data) and tumor size issue (C). Contour-enhanced funnel plots concerned the PA invasiveness issue (D, for studies with dichotomous 
data; E, for studies with continuous data) and tumor size issue (F).
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However, there were some limitations to the 
present analysis: (1) Included studies were per-
formed in only Asian populations; (2) Most stud-
ies tend to report positive outcomes, while 
studies with negative results are often reject- 
ed. The present study included 8 published 
studies whose outcomes were all positive. Also, 
3 unpublished negative-outcome studies were 
included, which alleviated potential publica- 
tion bias to some extent; (3) It remains uncon-
firmed whether CD147 represents an indepen-
dent diagnostic and prognostic indicator for 
IPAs. It would be significant to analyze the sub-
group of some established IPA biomarkers, 
such as pituitary tumor transforming gene 
(PTTG). Expression of other genes or proteins 
which may interact with CD147 should also be 
considered; and (4) Cutoff points of CD147 

expression were different across studies, pos-
sibly affecting results.

Conclusion

In conclusion, present results demonstrate th- 
at CD147 expression levels were correlated 
with PA invasiveness, PA size, and suprasellar 
invasion, but not associated with tumor shape 
or sphenoidal sinus invasion. More large-scale 
studies with sub-analyses considering ethnici-
ties and other interacted factors should be 
performed.
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