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Abstract: More and more studies investigated the effects of miR-21 expression level on the prognostic role in breast 
cancer. However, the available results have been controversial. The objective of this study was to perform a meta-
analysis and evaluate the association between miR-21 expression and survival outcomes of breast cancer patients. 
Relevant studies were identified by a comprehensive search from PubMed and EMBASE databases. The hazard 
ratio (HR) and its corresponding 95% confidence interval (CI) were used to assess the strength of relationships. A 
total of 14 studies involving 2,789 cases were included in this meta-analysis. We found that up-regulated miR-21 
had an unfavorable impact on breast cancer patients’ survival, with pooled HR of 2.66 (95% CI 1.61-4.39, P<0.001) 
for overall survival (OS), 2.55 (95% CI 2.14-3.05, P=0.042) for disease-free survival (DFS) and 3.25 (95% CI 2.00-
5.29, P<0.001) for relapse-free survival (RFS)/metastasis-free survival (MFS). Subgroup analysis suggested that 
high miR-21 expression was significantly correlated with lower OS in the Asian cohort (HR=4.05, 95% CI 2.04-8.04, 
P<0.001), but not in the Caucasian cohort (HR=1.86, 95% CI 0.92-3.75, P=0.082). Sensitivity analysis further 
validated the role of miR-21 as a predictor for prognosis. Our results demonstrate that miR-21 might have a critical 
prognostic value in patients with breast cancer.
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Introduction

Breast cancer is one of the major concerns for 
women health and is responsible for the lead-
ing cause of women death [1]. A variety of clini-
cal and pathological factors are routinely used 
to classify breast cancer patients to decide on 
the appropriate therapy, However, it is difficult 
for clinicians to evaluate the determination of 
prognosis and the prediction of treatment 
response in patients with breast cancer [2, 3]. 
Therefore, to individualize treatment and to pre-
dict outcomes, novel predictive biomarkers 
that will lead to molecular diagnostic tests are 
required.

MicroRNAs (miRNAs) are a group of about 22-nt 
non-coding small RNAs, which regulate gene 
expression at post-transcription level. Studies 
have shown that miRNAs are involved in vari-
ous biological processes, including cell prolif-
eration, apoptosis, differentiation and so on 

[4-6]. Quantitative and clinical data demon-
strated that the expression levels of some miR-
NAs are associated with cancer survival out-
comes [7-9]. Moreover, miRNAs have been 
widely exploited as novel candidate diagnostic 
and prognostic biomarkers in human tumors 
[10, 11]. Among these miRNAs, miR-21 is kno- 
wn to be overexpressed in breast cancer [12]. 
Studies have revealed that up-regulated miR-
21 can increase tumor growth, metastasis and 
invasion, and reduce sensitivity to chemothera-
py by its various targets [13, 14]. 

There is accumulating evidence suggesting that 
elevated miR-21 expression is associated with 
a worse prognosis in breast cancer patients 
[15, 16]. But some other studies represented 
inconsistent or even opposite results [17-19]. 
Therefore, we conducted a systematic review 
and meta-analysis to evaluate the prognosis 
value of miR-21 for survival in patients with 
breast cancer.

http://www.ijcem.com
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Material and methods

Search strategy

Published literatures were carefully search- 
ed from comprehensive databases including 
PubMed and EMBASE update to Jun, 1st 2015 
by various combination of adopted key words: 
“microRNA-21 OR miR-21”, “survival”, “progno-
sis*”, “outcome”, “breast cancer”, “carcinoma” 
and “tumor”. In order to minimize the deviation 
caused by the search process, references in all 
relevant articles were scanned manually to 
identify other potentially applicable reports.

Study selection

Studies were considered eligible if they met  
the following criteria: (i) The object of study 
must be breast cancer patients. (ii) The correla-
tion between miR-21 expression and survival 
outcome was investigated. (iii) Hazard ratio 
(HR) and 95% confidence interval (95% CI) 
could be obtained. Studies were excluded 
based on any of the following criteria: (i) review 
articles, laboratory articles, letters or experi-
ment on animal models; (ii) not written in 

we would exclude the studies in order to ensure 
the quality of the meta-analysis. Meanwhile, we 
assessed the quality of included studies by the 
representativeness of cases, detection meth-
ods, and follow-up of patients. The total scores 
ranged from 0 to 10, with higher scores indicat-
ing better quality.

Data extraction and conversion

Two reviewers performed the data extraction 
from all eligible studies independently. The key 
information included the following elements: 
first author, publication year, country, ethnicity, 
total number of cases, follow-up duration, sam-
ple size, cut-off value, survival outcomes, haz-
ard ratio (HR), as well as their 95% CI and P 
value. When these data were not directly 
reported, we extracted and figured out them 
from Kaplan-Meier curves by using Digitizer 
Engauge 4.0 software according to the meth-
ods described by Tierney et al. [21].

Statistical methods

Cochran’s Q test and the Higgins’ I squared sta-
tistic were used to evaluate the heterogeneity 

Figure 1. Flow chart of literature review and study selection process.

English; (iii) investigated other 
tumors’ survival outcome. The- 
se identified articles were do- 
uble-checked by two indepen-
dent investigators (Zhu and 
Dong), another investigator 
(Yu) was invited to discuss un- 
til a consensus was reached 
when discrepancies existed 
between two investigators.

Quality assessment

We systematically evaluated 
the studies which included in 
this meta-analysis according 
to a critical review checklist of 
the Dutch Cochrane Centre 
proposed by MOOSE [20]. 
These following key points 
were contained in checklist: 
(i) clear information about the 
study population and origin of 
country; (ii) clear definition of 
the study design; (iii) clear 
description of outcome asse- 
ssment; (iv) clear description 
of miR-21 measurement; (v) 
clear definition of the cut-off 
value of miR-21; (vi) sufficient 
period of follow-up. Otherwise, 
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Table 1. Main characteristics of the eligible studies included in the meta-analysis

Author Year Origin of 
population

No. of 
patients Stage Sample 

source Assay Cut-off Survival 
analysis HR estimation HR (95%) Follow-up 

(months)
Quality  
score

Yan 2008 China 113 I-IV FFPE tissues qRT-PCR Mean OS Reported 4.133 (1.799-9.499) 66.2 (10.4-81.0) 8
Qian 2009 Italy 301 I-IV Frozen tissues qRT-PCR Median OS Reported 1.21 (0.65-2.23) 86.2 (8-108) 8
Qian 2009 Italy 301 I-IV Frozen tissues qRT-PCR Median DFS Reported 1.49 (0.86-2.57) 86.2 (8-108) 8
Walter 2011 USA 25 II-III FFPE tissues qRT-PCR Median OS Reported 0.5 (0.07-3.73) 35.5 8
Ozgun 2013 Turkey 15 I-III FFPE tissues qRT-PCR 5.538 DFS SC 8.22 (5.94-10.13) NA 6
Lee 2011 Korea 109 I-III FFPE tissues qRT-PCR Mean OS Reported 14.214 (1.338-15.096) NA 7
Lee 2011 Korea 109 I-III FFPE tissues qRT-PCR Mean DFS SC 1 (0.2-4.91) NA 7
Dong 2014 China 72 I-III Tissues qRT-PCR 1.5 folds OS SC 2.79 (1.12-6.19) NA 6
Gong 2014 China 268 NA FFPE tissues ISH SI>4 RFS SC 4.869 (1.527-15.524) >140 7
Mackenzie 2013 USA 901 I-II FFPE tissues ISH Scored 2, 3 RFS Reported 1.96 (1.38-2.78) 124 8
Wang 2014 China 326 I-III Serum qRT-PCR Median RFS Reported 3.942 (1.42-8.345) >60 8
Wang 2014 China 326 I-III Serum qRT-PCR Median DFS Reported 2.732 (1.038-7.273) >60 8
Anastasov-1 2012 Germany 86 NA FFPE tissues qRT-PCR 1.8 folds MFS SC 3.1 (1.22-8.82) 113 (5-468) 8
Anastasov-2 2012 Germany 86 NA FFPE tissues qRT-PCR 1.8 folds MFS SC 6.27 (1.83-11.29) 113 (5-468) 8
Muller-1 2014 Germany 127 I-III blood samples qRT-PCR Median OS SC 5.44 (3.21-15.21) 62.15 (5.56-66.28) 8
Muller-2 2014 Germany 127 I-III blood samples qRT-PCR Median OS SC 4.36 (2.8-14.45) 62.15 (5.56-66.28) 8
Radojicic 2011 Greece 49 NA FFPE tissues qRT-PCR Median OS SC 1.01 (0.1-9.79) NA 6
Radojicic 2011 Greece 49 NA FFPE tissues qRT-PCR Median DFS SC 0.41 (0.12-1.28) NA 6
Ota 2011 Japan 291 NA Bone marrow qRT-PCR 5.84 OS SC 3.13 (1.13-9.44) 61 (2-90) 8
Ota 2011 Japan 291 NA Bone marrow qRT-PCR 5.84 DFS SC 6.22 (1.56-10.3) 61 (2-90) 8
Markou 2014 Greece 106 I-III FFPE tissues qRT-PCR Median OS SC 1.19 (0.47-3.01) 84 (10-149) 8
Markou 2014 Greece 106 I-III FFPE tissues qRT-PCR Median DFS Reported 2.494 (1.295-4.802) 68 (5-149) 8
SC: survival curve; NA: not available; Anastasov-1 and Muller-1: results before therapy; Anastasov-2 and Muller-2: results after therapy.
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of combined HRs. A P value<0.05 and/or 
I2>50% indicated significant heterogeneous 
among studies, a random-effects model [22, 
23] was used to calculate the pooled HR. 
Otherwise, the fixed-effects model was used 
[24]. Generally, pooled HR>1 was assumed to 
indicate a significant association with worse 
prognosis. Publication bias was tested by 
Begg’s funnel plots. Funnel plot symmetry was 
further assessed using Egger’s linear regres-
sion method [25]. To validate the credibility of 
the summarized results, sensitivity analysis 
was performed by the successive omission of 
individual studies. For all analyses, a two-sided 
P value less than 0.05 was considered as sta-
tistically significant. All analyses were carried 
out using the statistical software STATA version 
12.0 (Stata Corporation, College Station, TX, 
USA).

Results

Study characteristics

As shown in Figure 1. A total of 624 potentially 
relevant records were retrieved after the initial 
literature search. After carefully reviewing the 

Tissue samples with formalin-fixed and paraf-
fin-embedded (FFPE) tissues were used in most 
of studies, except for two studies used in serum 
and one in bone marrow [30]. The cut-off val-
ues of miR-21 expression appeared to be differ-
ent, the most frequently used were the median 
or mean in eight studies. All of the studies were 
retrospective in design. 9 of the studies pre-
sented HRs and 95% CIs directly; In the remain-
ing 13 studies, the HRs and 95% CIs were cal-
culated by Digitizer Engauge 4.0 software. 10 
studies reported HRs for OS, 7 for DFS, 5 for 
RFS/MFS. 

Meta-analysis results 

As illustrated in Figure 2, miR-21 high expres-
sion was a prognostic factor for poor survival in 
breast cancer patients, with the pooled HRs of 
2.66 (95% CI 1.61-4.39, P=0.003) for OS and 
2.55 (95% CI 2.14-3.05, P=0.042) for DFS, with 
a random model because of the significant het-
erogeneity (I2=63.6%, P=0.003; I2=89.80%, 
P<0.001, respectively). In addition, elevated 
miR-21 expression was significantly correlated 
with poor MFS/RFS in patients with breast can-

Figure 2. Forrest plots of studies evaluating HRs of miR-21 expression. The 
pooled HR=2.76 (95% CI: 1.91-4.00) indicates that Elevated miR-21 expres-
sion is significantly associated with poor prognosis according to the random 
effect estimations.

articles, 606 studies were 
excluded because they were 
letters, reviews, abstracts, 
duplications or laboratory 
studies. Of the remaining 18 
candidate articles, four arti-
cles were further removed 
due to the absence of the 
essential data. As a result, 14 
eligible articles with 22 stud-
ies were enrolled in this meta-
analysis [26-34]. All the 
included studies obtained 
scores of 6 or more (Table 1), 
implying that they were all of 
high quality.

The major characteristics of 
the eligible studies were sum-
marized in Table 1. A total of 
2789 participants from China, 
Germany, Italy, Korea, Japan, 
Greece, USA and Turkey res- 
pectively were admitted in  
the 22 studies. Among these 
studies, miR-21 level was me- 
asured by quantitative real-
time polymerase chain reac-
tion (qRT-PCR) in 20 studies 
and by in situ hybridization 
(ISH) assay in two studies. 
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cer, with the pooled HR of 3.25 (95% CI 2.00-
5.29, P<0.001) calculated by a fixed model 
because of the absence of heterogeneity (I2= 
48.10%, P=0.103).

To explore the sources of heterogeneity, we 
also conducted subgroup analysis for OS and 
DFS by the ethnicity, sample source and cut-off 
value. The main results of this subgroup analy-
sis are summarized in Table 2. In ethnicity  
subgroup analysis, the significant association 
between miR-21 over expression and poor OS 
was found in Asian (HR=4.05, 95% CI 2.04-
8.04, P=0.000) (Table 2), but not in Caucasian 
(HR=1.86, 95% CI 0.92-3.75, P=0.082). In 
addition, further analysis of studies on sample 
source also indicated that up-regulated miR-21 

remained to be a promising prognostic bio-
marker in FFPE tissue (HR=2.42, 95% CI 0.81-
7.22, P=0.114) and serum sample (HR=4.59, 
95% CI 2.49-8.46, P<0.001), except for frozen 
tissue (HR=1.68, 95% CI 0.89-3.18, P=0.110). 
Moreover, stratified by the positive threshold, 
we found that high miR-21 expression had  
a worse prognosis in mean cut-off value 
(HR=7.06, 95% CI 2.13-23.45, P=0.001), but 
not in the median cut-off group (HR=1.86, 95% 
CI 0.92-3.75, P=0.082).

Publication bias and sensitivity analysis

Begg’s funnel plot and the Egger’s linear regres-
sion test were used to assess publication bias 
of the included studies in the meta-analysis. As 

Table 2. Results of meta-analysis for miR-21 on prognostic effect in patients with breast cancer for 
OS and DFS

Outcome Variables No. of studies Model Pooled HR (95%) P value
Heterogeneity

I2 (%) P value
Overall 22 Random 2.76 (1.91-4.00) 0.000 80.60% 0.000
OS ALL 10 Random 2.66 (1.61-4.39) 0.000 63.60% 0.003

Ethnicity
    Asian 4 Random 4.05 (2.04-8.04) 0.000 58.00% 0.068
    Caucasian 6 Random 1.86 (0.92-3.75) 0.082 63.00% 0.019
Sample source
    FFPE 5 Random 2.42 (0.81-7.22) 0.114 72.70% 0.005
    Frozen 2 Random 1.68 (0.89-3.18) 0.110 54.50% 0.138
    Blood 2 Fixed 4.59 (2.49-8.46) 0.000 0% 0.487
    Bone marrow 1 Random 3.13 (1.08-9.05) 0.035 - -
Cut-off Value
    Median 6 Random 1.86 (0.92-3.75) 0.082 63.0% 0.019
    Mean 2 Random 7.06 (2.13-23.45) 0.001 63.20% 0.099
    Other 2 Fixed 2.50 (1.48-4.21) 0.001 0% 0.630

DFS ALL 7 Random 2.55 (2.14-3.05) 0.042 89.80% 0.000
Ethnicity
    Asian 3 Fixed 3.07 (1.24-7.61) 0.016 48.20% 0.145
    Caucasian 4 Random 2.04 (0.63-6.66) 0.237 94.40% 0.000
Sample source
    FFPE 4 Random 1.92 (0.52-7.05) 0.324 91.80% 0.000
    Frozen 1 Random 1.49 (0.86-2.58) 0.153 - -
    Serum 1 Random 2.73 (1.03-7.22) 0.043 - -
    Bone marrow 1 Random 6.22 (2.42-15.98) 0.000 - -
Cut-off Value
    Median 5 Random 2.17 (0.80-5.92) 0.129 92.70% 0.000
    Mean 1 Random 1.02 (0.20-5.22) 0.981 - -
    Other 1 Random 6.22 (2.42-15.98) 0.000 - -

MFS/RFS ALL 5 Fixed 3.25 (2.00-5.29) 0.000 48.10% 0.103
Random-effects model was used when P-value for heterogeneity test <0.05; otherwise, fixed-model was used. I2 the percent-
age of variability in HR attributable to heterogeneity.
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shown in Figure 3A and 3B, the funnel plots 
were almost symmetric for both OS and DFS, 
and P values of Egger’s test were 0.929 and 
0.652, respectively, indicating no evidence of 
significant publication bias in present meta-
analysis. Meanwhile, the results of the sensitiv-
ity analysis demonstrated that no individual 
study significant influenced the overall HR, as 
shown in Figure 4A and 4B.

Discussion

Breast cancer is the most frequently diagnosed 
malignancy and is the leading cause of cancer-
related deaths among females. Breast cancer 
is also known to be fairly complex and hetero-
geneous in tumor development, progression, 
and response to treatment [1, 35, 36]. Recently, 

use of miRNAs as biomarkers for cancer shows 
a great promise. MiR-21, known as a potential 
oncogenic player, is one of the most ordinarily 
observed aberrant miRNAs in breast cancer 
[15-19, 26-34]. Some articles proved that miR-
21 was significantly connected with breast can-
cer patients’ survival [16, 31]. On the other 
hand, the opposite results were also observed 
in other studies [18, 19]. Thus, we performed a 
quantitative meta-analysis to determine the 
relationship between the expression of miR-21 
and survival prognosis in breast cancer 
patients.

This meta-analysis showed that elevated miR-
21 expression could predict poor survival in 
patients with breast cancer, the pooled HR for 
OS was 2.66 (95% CI 1.61-4.39, P<0.001). 

Figure 3. Begg’s funnel plot for publication bias test of OS (A) and DFS (B). 
Each point represents a separate study for the indicated association.

both tissue and serum-based 
tumor biomarkers are widely 
used to screen early-stage 
breast cancer and predict its 
progression in advance. Con- 
ventional biomarkers avail-
able such as estrogen recep-
tor (ER), progesterone recep-
tor (PR), human epidermal 
growth factor 2 receptors 
(HER2) and P53, could not 
effectively reflect the integral 
prognostic significance for 
breast cancer patients. Th- 
erefore, researchers are sup-
portive to explore novel bio-
markers for the optimization 
of breast cancer prognosis 
and treatment. Previous stud-
ies have evidenced that mic- 
roRNAs are involved in many 
crucial processes such as cel-
lular proliferation, differentia-
tion, cell cycle control, devel-
opment, and apoptosis [37-
39]. Recently, more and more 
findings have demonstrated 
that miRNAs are important 
roles in predicting the prog-
nostic value of the breast can-
cer patients, acting as onco-
genic or tumor suppressive 
miRNAs [37, 40, 41]. Despite 
early studies on miRNAs ex- 
pression only has been com-
pleted on tissue samples, the 
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Wang et al. [42] analyzed 10 studies and yield-
ed a similar result (HR=2.57, 95% CI 1.37-4.81, 
P=0.003), however, the number of articles 
included in this analysis was relatively small, 
which made the results not powerful. Fur-
thermore, the author wrongly assigned the HR 
for DFS to HR for OS in Dong et al.’s study [27]. 
Moreover, the RR value was mistaken as the 
HR for DFS in OTA et al.’s study [31]. Therefore, 
the conclusion by Wang et al. [42] was still 
uncertain. In view of this, we performed this 
updated meta-analysis including 14 articles 
with 22 studies. Because of existing significant 
heterogeneity among OS and DFS studies, we 

limitations should be taken into account. First, 
there are only 14 studies included in this meta-
analysis, with a relatively small sample size. 
Second, the publications retrieved in our study 
were limited in English, which might partially 
cause the publication bias. Third, no abundant 
miR-21 expression data in global population 
makes it difficult to set a standard value for the 
measurement of miR-21. The cut-off values of 
miR-21 were defined differently in eligible stud-
ies, leading to between-study heterogeneity. 
Fourth, the majority of published studies lacked 
required data regarding patients’ treatment, 
and these sources of variability could contrib-

Figure 4. Sensitivity analysis of the influence of individual studies on the 
pooled HR for OS (A) and DFS (B). The middle vertical axis indicates the over-
all HR and the two vertical axes indicate its 95% CI. Every hollow round indi-
cates the pooled HR when the left study was omitted in this meta-analysis. 
The two ends of every broken line represent the 95% CI.

then perform a subgroup 
analysis based on ethnicity, 
sample source and cut-off 
value. The results indicated 
that over-expression of miR-
21 could predict a poor sur-
vival outcome in breast can-
cer. In Asian subgroup analy-
sis, high expression level of 
miR-21 was a significantly 
negative prognostic biomark-
er both in OS and DFS. In 
addition, further analysis on 
sample source demonstrated 
that poor survival is positively 
correlated with FFPE tissues. 
In cut-off subgroup analysis, 
mean cut-off value signifi-
cantly estimated poor OS. 
Publication bias is a major 
concern for meta-analysis. 
We conducted an abundant 
evaluation of the studies to 
avoid selection biasand en- 
sure the quality and credibility 
of studies. Neither Egger’s 
test nor Begg’s test showed 
evidence of publication bias 
in these studies. Sensitivity 
analyses also contributed to 
the further strength of this 
meta-analysis. Therefore, our 
research design is relatively 
rigorous and the results are 
credibility. 

Although the predictive effect 
of miR-21 was statistically 
proved, it had to be interpret-
ed with caution since several 
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ute to potential selection bias. Fifth, oncogen-
esis was a complicated process involving in 
many molecular pathways, we did not analyze 
the prognostic value of a combination of miR-
21 and other miRNAs markers for breast can-
cer cases. 

In conclusion, this meta-analysis clarified that 
miR-21 over-expression was significantly asso-
ciated with poor survival in patients with breast 
cancer. miR-21 might be a novel prognostic bio-
marker. However, these findings should be con-
sidered with caution due to the limitations list-
ed above. More multicenter clinical investiga-
tions with larger sample size are still needed to 
further validate these results.
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