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Elevated miR-21 is associated with poor
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Abstract. — OBJECTIVE: Increasing studies
have investigated the prognostic value of high
miR-21 expression in non-small cell lung cancer
(NSCLC) with inconsistent results. We conduct-
ed this meta-analysis to explore whether the ex-
pression of miR-21 was associated with progno-
sis in NSCLC patients.

MATERIALS AND METHODS: We systemat-
ically searched Medline, EMBASE, Web of Sci-
ence and Cochrane Library for relevant studies.
Studies exploring the relationship between miR-
21 expression and NSCLC prognosis and clini-
cal pathology, and reporting enough data to get
the hazard ratio (HR) and 95% confidence inter-
vals (Cls), were included. Random- or fixed-ef-
fect models were employed to calculated pooled
hazard ratios (HRs) or risk ratio and 95% confi-
dence intervals (95% CIs).

RESULTS: A total of 28 eligible studies, includ-
ing 24 for prognosis, 16 for clinicopathological
features were identified. Our results revealed
that elevated miR-21 was related to unfavorable
overall survival (OS) in NSCLC (HR = 1.960, 95%
Cl = 1.510-2.554, p = 0.000). Similar results were
found in disease-free survival, relapse-free sur-
vival, and cancer-special death. In a meta-anal-
ysis of clinical pathology, overexpressed miR-
21 was significantly related to lung adenocar-
cinoma, larger tumor size, and advanced clini-
cal stage.

CONCLUSIONS: Our meta-analysis suggest-
ed that miR-21 may function as an unfavorable
biomarker of prognosis in NSCLC patients.
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sis, Meta-analysis.

Abbreviations

NSCLC: non-small cell lung cancer; HRs: hazard ratios;
ClIs: confidence intervals; OS: overall survival; miRNAs:
microRNAs; 3'-UTRs: 3’-untranslated regions; mRNAs:
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messenger RNAs; miR-21: microRNA-21; CSD: can-
cer-special death; RFS: relapse-free survival; DFS: dis-
ease-free survival; PFS: progression-free survival; NOS:
Newecastle-Ottawa Quality Assessment Scale; AD: ad-
enocarcinoma; RR: risk ratio; SOCSI: suppressor of
cytokine signaling 1; SOCS6: suppressor of cytokine
signaling 6; PTEN: phosphatase and tensin homolog;
PDCD4: programmed cell death 4.

Introduction

Lung cancer is the most common cancer, ac-
counting for 12.9% (1.8 million) of the total newly
diagnosed cancer cases globally'. It is also the
leading cause of cancer-related mortality world-
wide, estimated to be responsible for 1.59 million
deaths (19.4% of the total). In spite of improve-
ments in the treatment of lung cancer over the
recent decades, the five-year survival rates are
only 16.8%?2. Approximately 85% of all lung can-
cers are classified as non-small cell lung cancer
(NSCLC)’. Due to the lack of effective detection
methods and the aggressive nature of this dis-
ease, most NSCLC patients have advanced-stage
and incurable disease at the initial diagnosis®.
The median survival rates for advanced NSCLC
patients treated with histology-driven and/or
maintenance, platinum-based chemotherapy only
ranges from 10-13.9 mouths®. Early detection is
crucial to prolonging survival, and the identifica-
tion of molecular markers is key to predict prog-
nosis and design novel managements for NSCLC.

MicroRNAs (miRNAs), approximately 18-
25 nucleotides long, are a class of small evo-
lutionarily conserved non-coding RNAs, in-
volving regulating target genes expression at
post-transcriptional level®?. Although miRNAs
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do not encode protein themselves, they bind
to 3'-untranslated regions (3'-UTRs) of target
messenger RNAs (mRNAs), resulting in mRNA
degradation or translational repression'’. Pre-
vious investigations'''* have shown that miR-
NA could predict tumor classification, progno-
sis and responses of therapies. MicroRNA-21
(miR-21), transcribed by RNA polymerase 11,
promotes tumor cell proliferation, migration and
invasions'*'>. MiR-21 has been detected overex-
pressed in multiple malignancies including pan-
creatic cancer, esophageal cancer, colon cancer,
and lung cancer'®-".

Although increasing studies have investigated
the prognostic significance of high miR-21 ex-
pression in NSCLC, the results have been incon-
sistent. For example, Wang et al?® suggested that
high miR-21 was associated with a poor progno-
sis in NSCLC; however, Voortman et al?' found
no correlation between miR-21 expression and
overall survival (OS). To overcome the limitation
of the single study, we conducted this systematic
review to explore the prognostic value of miR-21
in NSCLC.

Materials and Methods

Search Strateqgy

We conducted a literature search using the
databases including Medline, EMBASE, Web of
Science and Cochrane Library from inception to
9 August 2017. The following terms were used:
“lung cancer or lung carcinoma or lung neoplasm
or lung adenocarcinoma or lung squamous cell
carcinoma” and “miR-21 or miRNA-21 or miR-
NA-21 or miR21 or miRNA21 or miRNA21” and
“prognosis or prognostic or survival”. The refer-
ence lists of included studies were also examined
for additional trails. Two reviewers independently
screened the titles and abstracts of all retrieved
records to exclude irrelevant studies. The remain-
ing studies were assessed by reading full-text.
Any disagreement was resolved by consensus or
by involving an arbiter.

Inclusion and Excluded Criteria

The inclusion criteria of this review were: (1)
studies exploring the relationship between miR-
21 expression and NSCLC prognosis and clinical
pathology; (2) studies reporting enough data to
get the hazard ratio (HR) and 95% confidence
intervals (Cls); (3) studies published in English.
Studies were excluded for: (1) duplicate studies;

(2) case reports, letters, reviews, conference ab-
stracts, animal experiments and expert opinions;
(3) studies with insufficient survival data; (4) not
published in English.

Data Extraction and Methodological
Quality Assessment

Two reviewers independently screened all in-
cluded studies to extract the following data:
name of the first author, publication year, coun-
try of the study, duration, follow-up, sample
size, histology, ages, stage, cut-off value, meth-
od of detection, specimen, survival outcomes,
analysis, HR and 95% Cls of miR-21 expression
for OS, CSD, RFS, DFS, and PFS. Only HRs
and 95% Cls of multivariate analysis were ab-
stracted when univariate and multivariate anal-
ysis were both provided. If only Kaplan-Meier
curves were presented in the studies, we utilized
Engauge Digitizer version 4.3 to obtain the sur-
vival data, and Tierney’s method to calculate
the HRs and 95% CIs??. The Newcastle-Ottawa
Quality Assessment Scale (NOS) was employed
to assess the quality of each included studies.
There are 9 items in NOS including three as-
pects of selection, comparability and outcome.
NOS scores > 6 were considered as high-quality
studies. Any discrepancy will be resolved by
discussion or by involving an arbiter.

Statistical Analysis

The HR and 95% Cls was employed to evaluate
the prognostic efficiency of miR-21 on NSCLC.
The overall HR > 1 and 95% CIs not overlapping
in the forest plot indicated that NSCLC patients
with elevated miR-21 had a poor prognosis, and
HR < 1 and 95% CIs not overlapping in the for-
est plot implied a better survival. Assessment of
heterogeneity was performed using Cochran’s Q
test and Higgins’s 1> %, I* < 50% and p-value >
0.10 suggesting no heterogeneity. In absence of
heterogeneity, a fixed-effects model was used.
Otherwise, the random-effects model was ap-
plied*. Sensitivity was conducted by sequential
omitting each study to examine the robustness of
the results. Potential publication bias was evalu-
ated by Begg’s funnel plot and Egger’s test®. If
significant publication bias existed, trim and fill
method was performed to validate the robust of
the meta-analysis results®®. All statistical analyses
were calculated via Stata 13.0 (StataCorp, College
Station, TX, USA). All two-tailed p-value < 0.05
was defined as statistically significance, except
those for heterogeneity.
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Results

Selection Process of Included Studies

As shown in the flow diagram (Figure 1), 522
articles were retrieved from Medline, EMBASE,
Web of Science, and Cochrane Library databas-
es. After the removal of duplicated articles, 373
articles were left. Next, we screened the titles and
abstracts, 207 irrelevant articles were excluded.
Subsequently, 166 of full-text articles were as-
sessed for eligibility. 138 articles were excluded
for the following reasons: 22 review or meta-anal-
ysis, 8 insufficient data, 34 conference abstracts,
38 not focus on survival, 18 not miR-21, 8 not
NSCLC, 1 not in English, 7 animal or cell ex-
periments, and 2 overlapped population. Among
these, three articles?”*’ involving overlapped pop-
ulation, only the most recently published article

(Robles, A. 1. 2015) was included. Finally, 28
studies, 24 for prognosis and 16 for clinicopatho-
logical, were included in this meta-analysis.

Characteristics of Included Studies
Together, 24 eligible studies with a sample
size of 3118 were used for analysis of progno-
sis, while 16 studies with 2131 patients were
employed for analysis of clinicopathology. The
main characteristics of eligible articles for prog-
nosis were listed in Table [2°! 273950 The New-
castle-Ottawa Scale (NOS) was used for quality
assessment, and the NOS scores ranged from 5
to 9 (Table II). Among all cohorts, China (n=21)
was the main source region, followed by USA
(n=2) and Japan (n=2). Among 24 studies, 18
cohorts focused on primary outcome (OS), 13
cohorts focused on secondary outcomes: 5 for

522 of records identified 0 of additional records
through database identified through other
searching sources

373 of records after
duplicates removed

v

373 of records screened

\ 4

166 of full-text articles
assessed for eligibility

207 of records excluded

\ 4

138 of full-text articles excluded
22 Review or meta-analysis

A 4

28 of studies included in
qualitative synthesis

A4

8 Insufficient data

34 Conference abstract

38 Not focus on survival

18 Not miR-21

8 Not NSCLC

1 Not in English

7 Animal or cell experiments
2 Overlapped population

A

A\ 4

24 studies for 16 studies for
prognosis clinicopathology

Figure 1. Flow diagram of study selection process.
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Table Il. Quality indicators from the Newcastle-Ottawa scale.

Study Selection

Comparable

Outcome Score

assessment

N
w
-+

8 9

N
()]
N

Dejima, H. 2017
Liu, Q. Y. 2017
Lin, T. C. 2015
Begum, S. 2015
Robles, A. 1. 2015 a
Robles, A. 1. 2015 b
Wang, X. C. 2013
Le, H. B. 2012

Liu, X. G. 2012
Gao, W. 2012
Wang, Z. X. 2011
Markou, A. 2008
Wang, X. 2017
Cinegaglia, N. C. 2016
Tian, L. 2016
Stenvold, H. 2014
Gao, W. 2011

Gao, W. 2010

Li, Y. W. 2017
Voortman, J 2010
Capodanno, A. 2013
Shen, H. 2014
Zhao, W. 2015
Xue, X. Y. 2016
Yang, Z. H. 2015
Chiou, Y. H. 2015
Zhao, Q. 2015
Yang, J. S. 2015
Ye, M. 2017

* * * ¥ X ¥ * * LR
¥ O¥ ¥ ¥ % *

* X ¥ ¥ *
* K K K K K K X K K K K K K K K K K K K K K X K X X ¥ X X

* K K K KX K K X K K K K K K K K K K K K K K X K X X ¥ X X

* ¥ ¥ ¥

* % ¥ *

* ¥ L

* ¥ X X ¥ X ¥
* K K K K K K X K K K K K K K K K K K K K X X ¥ X *

* KX K X K X K K K K X K K K KX K K K K K KX K K K K X X X
* K K K K KX K K K K K K K K K K K K K K K K X K X X X X X

AN N AUNUNOANATN0OIJT0JNJO00OJ0 WL WL J]00 X

disease-free survival (DFS), 3 for relapse-free
survival (RFS), 3 for cancer-special death
(CSD), and 2 for relapse-free survival (PES).
Besides, 16 studies focused on clinicopathology.

Meta-Analysis of OS

18 studies with 2063 patients were included in
the meta-analysis of OS. Due to significant het-
erogeneity (1> =77.2, p=0.000), the random-effect
model was employed. The result revealed that ele-
vated miR-21 was expected to predict unfavorable
OS when compared with the low expressed miR-
21 in NSCLC (Figure 2, hazard ratio (HR)=1.960,
95% CI=1.510-2.544, p=0.000). In view of hetero-
geneity, subgroup analyses were conducted ac-
cording to the potential confounders, such as study
region, clinical stage, sample size, analysis meth-
od, specimen, and cut-off of miR-21 (Table III).
When stratified by study region, only studies con-
ducted in China showed that high expressed miR-
21 was associated with poor OS, with significant

heterogeneity (HR=2.101, 95% CI=1.581-2.793,
p=0.000; 1>=68.9%, random-effect model). As for
the subgroup analysis of clinical stage, patients
with high expressed miR-21 were expected to suf-
fer unfavorable OS in stage I-11I (HR=1.827, 95%
CI=1.203-2.777, p=0.005; 1>=90.1%, random-effect
model), and similar result was observed in stage
[-IV (HR=2.069, 95% CI=1.598-2.680, p=0.000;
1’=0.0%, fixed-effect model). As for subgroup
analysis of sample size, there was not association
observed between elevated miR-21 and OS in
studies with sample size > 100 (HR=1.747, 95%
CI=0.933-3.272, p=0.081; 1*=91.1%, random-effect
model), while the result in studies with sample
size < 100 showed that elevated miR-21 was an
unfavorable factor for prognosis (HR=2.064, 95%
CI=1.566-2.719, p=0.000; 1’=53.9%, random-ef-
fect model). As for studies assessed by multivar-
iate analysis, the result revealed that high miR-21
was significantly related to poor OS (HR=2.315,
95% CI=1.590-3.370, p=0.000; I’= 81.3%, ran-
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Study %
ID HR (95% CI) Weight
Liu, Q. Y. 2017 . — 2.12(1.28, 3.49) 7.18
Lin, T. C. 2015 —0—5— 1.62 (1.02, 2.57) 7.48
Begum, S. 2015 T—— 1.61 (0.90, 3.07) 6.34
Wang, X. C. 2013 —_ 2.10 (0.69, 3.08) 5.45
Le, H. B. 2012 * : 1.36 (0.45, 4.15) 3.51
Liu, X. G. 2012 —e > 3.19(0.37, 27.59) 1.27
Wang, Z. X. 2011 — 2.01(1.78, 3.26) 8.63
Markou, A. 2008 —i—o— 2.53 (1.07, 6.02) 4.71
Cinegaglia, N. C. 2016 —_— 2.40 (1.23, 4.69) 5.95
Tian, L. 2016 E —_— 3.88(2.47,6.11) 7.55
Gao, W. 2011 - : 1.29 (1.12, 1.49) 9.50
Gao, W. 2010 S — 5.99 (2.52, 14.26) 4.70
Li, Y. W. 2017 ——oJ:— 1.75 (0.63, 4.89) 3.90
Voortman, J 2010 ——| ' 0.81 (0.65, 1.01) 9.13
Capodanno, A. 2013 —e—o— 2.92 (1.07, 7.98) 3.99
Zhao, W. 2015 —— 2.11(1.12, 3.99) 6.19
Xue, X.Y. 2016 : 0.97 (0.17, 5.65) 1.81
Yang, Z. H. 2015 : o 2.85(0.74,10.97)  2.71
Overall (l-squared = 77.2%, p = 0.000) <> 1.96 (1.51, 2.54) 100.00
1

NOTE: Weights are from random effects analysis E

.03|62 1 27I.6

Figure 2. The correlation between miR-21 and overall survival in non-small cell lung cancer.

dom-effect model). Similarly, significant associa-
tion was observed between elevated miR-21 and
poor OS in studies with datum extracted from
Kaplan-Meier survival curves (HR=1.888, 95%
CI=1.354-2.634, p=0.000; 170.0%, fixed-effect
model). However, a similar result was not ob-
served in the researches assessed by univariate
analysis. As for subgroup analysis of specimen,
Liu et al’*® examined miR-21 expression in both
blood and tissue, and we divided them into sub-
group of blood and tissue, respectively. High
expressed miR-21 was significantly associated
with poor OS in blood group (HR= 2.057, 95%
CI=1.632-2.592, p=0.000; 1’=0.0%, fixed-effect
model), and similar result was seen in group of
tissue (HR=1.985, 95%CI=1.435-2.746, p=0.000;
1779.9%, random-effect model). As for subgroup
analysis of cut-off of miR-21, elevated miR-21
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was expected to predict poor OS in median
group (HR=1.542, 95% CI=1.151-2.065, p=0.004;
1°68.3%, random-effect model). A similar result
was seen in group of non-median (HR=2.544,
95% CI=1.712-3.782, p=0.000; I’= 60.2%, ran-
dom-effect model).

Meta-Analysis of DFS/RFS/CSD/PFS

5 studies reporting DFS, 3 reporting RFS, 3 re-
porting CSD and 2 covering PFS were included in-
to this meta-analysis (Figure 3). Significant associ-
ation was observed between elevated miR-21 and
DFS (HR=2.154, 95% CI=1.281-3.624, p=0.004;
1’=0.0%, fixed-effect model), RFS (HR=1.693,
95% CI=1.176-2.437, p=0.005; 1>=0.0%, fixed-ef-
fect model), and CSD (HR=1.002, 95% CI=1.001-
1.003, p=0.000; 1>=32.9%, fixed-effect model).
PFES was not related to miR-21.
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Table Ill. The main results of subgroup analysis.

Analysis Category Study (n) Model HR(925%ClI) V4 P Heterogeneity
F P,
Study China 13 Random 2.101 5.11 0.000 68.9% 0.000
region (1173) (1.581-2.793)
Other 5(890) Random 1.736 1.76 0.078 81.0% 0.000
countries (0.940-3.207)
Clinical I-11I 7(1204) Random 1.827 2.82 0.005 90.1% 0.000
stage (1.203-2.777)
-1V 9(745) Fixed 2.069 5.51 0.000 0.0% 0.971
(1.598-2.680)
Sample size >100 5(1269) Random 1.747 1.74 0.081 91.1% 0.000
(0.933-3.272)
<100 13(794) Random 2.064 5.15 0.000 53.9% 0.011
(1.566-2.719)
Analysis Multivariate  8(751) Random 2.315 4.38 0.000 81.3% 0.000
method analysis (1.590-3.370)
Univariate 3(226) Fixed 1.615 1.80 0.072 0.0% 0.790
analysis (0.959-2.721)
K-M survival  5(398) Fixed 1.888 3.74 0.000 0.0% 0.703
curves (1.354-2.634)
Specimen Blood 5(516) Fixed 2.057 6.12 0.000 0.0% 0.789
(1.632-2.592)
Tissue 14(1617) Random 1.985 4.14 0.000 79.9% 0.000
(1.435-2.746)
Cut-off Median 10(1250) Random 1.542 291 0.004 68.3% 0.001
of miR-21 (1.151-2.065)
Non-median  6(583) Random 2.544 4.62 0.000 60.2% 0.028
(1.712-3.782)

Abbreviations: P denotes p value for statistical significance based on Z test; Ph denotes p value for heterogeneity based on Q test;

HR, hazard ratio; CI, confidence interval.

Meta-Analysis of Clinicopathology

There are 13 trials with 1920 patients reported
the correlation between miR-21 and histology,
and the pooled outcome indicated that high miR-
21 was related to adenocarcinoma (AD, risk
ratio (RR)=1.157, 95% CI: 1.051-1.273, p=0.003;
1°=39.4%, fixed-effect model). The relationship
of miR-21 and tumor size was reported in 10
studies with 1630 patients, and a significant as-
sociation was seen between elevated miR-21 and
larger tumor size (RR=1.169, 95% CI: 1.041-
1.312, p=0.008; 1*=26.2%, fixed-effect model).
10 studies with 1660 patients reported correlation

between miR-21 and stage, and the conjoined
result declared that high miR-21 was significantly
related to stage I1I+1V (RR=1.401, 95% CI: 1.137-
1.728, p=0.002; 1>=75.9%, random-effect model).
However, miR-21 was not significantly associated
with age, gender, smoking, epidermal growth
factor receptor (EGFR), lymph node metastasis,
lymphatic invasion and differentiation (Table IV).

Sensitivity Analysis and Publication Bias
Sensitivity analysis was conducted by sequen-

tial omitting each study to assess the robustness

of OS. Result suggested that no point estimate of
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%
Study Weight
ID HR (95% Cl) (D+L)

Disease-free survival

Dejima, H. 2017 3.81(1.13, 14.93) 16.23
Gao, W. 2012 2.82(1.09, 7.28) 30.00
Markou, A. 2008 — 1.50 (0.63, 3.56) 36.06
Shen, H. 2014 € * 0.15(0.00, 7.67) 1.76

Xue, X. Y. 2016 — 2.21(0.60, 8.11) 15.95

I-V Subtotal 2.15(1.28, 3.62)

Relapse-free survival
Lin, T. C. 2015
Begum, S. 2015 1
Robles, A. 1. 2015 (Japan cohort) e
D+L Subtotal (l-squared =0.0%, p = 0.915)
1-V Subtotal

1.79 (1.09, 2.94) 53.96
1,65 (0.92, 3.14) 35.25
1.39 (0.46, 4.23) 10.79
1,69 (1.18, 2.44) 100.00
1.69 (1.18, 2.44)

Cancer-special death
Robles, A. 1. 2015 (NCI/Norway cohort)

—
—_—
T
—_—

D+L Subtotal (I-squared =0.0%, p = 0.477) O 2.15(1.28,3.62) 100.00

>

—_—
———
—————
Lo
L

2.70(0.85, 8.52) 3.58

Wang, X. 2017 . 1.00 (1.00, 1.00) 73.86
Stenvold, H. 2014 — 1.08 (0.73, 1.60) 22.56
D+L Subtotal (I-squared = 32.9%, p = 0.225) O 1.06 (0.84, 1.32) 100.00
-V Subtotal 1.00 (1.00, 1.00)

Progression-free survival

Capodanno, A. 2013 — 1.10 (0.60, 2.02) 49.08
Tian, L. 2016 — 3.44 (2.03,5.81) 50.92
D+L Subtotal (l-squared = 87.1%, p = 0.005) _ 1.97 (0.64, 6.01) 100.00
I-V Subtotal L 2.11(1.42, 3.14)

NOTE: Weights are from random effects analysis

I !
.003 1 14.9

Figure 3. The correlation between miR-21 and disease-free survival, relapse-free survival, cancer-special death and
progression-free survival in non-small cell lung cancer.

Table IV. Summary of the association of miR-21 and clinopathological parameters in non-small cell lung cancer

Category Study (n) Model RR(25%Cl) V4 P Heterogeneity
F P,

Age (>65 vs. <65) 14(1890) Fixed 0.939(0.850-1.037)  1.25  0.213 24.7% 0.188

Gender (Male vs. Female) 15(2083) Fixed 1.028(0.934-1.131)  0.56  0.578 20.1% 0.230

Histology (AD vs.non-AD)  13(1920)  Fixed 1.157(1.051-1.273) 299  0.003 39.4% 0.071

Smoking (Yes vs. No) 11(1093)  Random  0.853(0.695-1.047)  1.52  0.129 56.6% 0.011

EGFR (+vs. -) 3(453) Random  0.588(0.174-1.992)  0.85  0.394 91.8% 0.000

Tumor size 10(1630) Fixed 1.169(1.041-1.312) 2.64  0.008 26.2% 0.202
(>3 cm vs. <3 cm)

Lymph node metastasis 13(1878) Random 1.203(0.942-1.538)  1.48 0.139 80.9% 0.000
(+vs. -)

Lymphatic invasion 3(884) Fixed 1.164(0.999-1.357) 195  0.051 0.0% 0.835
(+vs.-)

Differentiation
(Well or Moderate vs. poor) 7(754) Fixed 0.906(0.767-1.071) 1.16  0.248 36.2% 0.152

Stage (III+IV vs. I+11) 10(1660)  Random 1.401(1.137-1.728) 316  0.002 75.9% 0.000

Abbreviations: P denotes p value for statistical significance based on Z test; P, denotes p value for heterogeneity based on Q test;
RR, risk ratio; CI, confidence interval; EGFR, epidermal growth factor receptor.
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the omitted individual dataset lay outside the 95%
CI of the pooled analysis based on the overall HR
estimate of OS (Figure 4).

Begg’s funnel plot and Egger’s test were applied
to evaluate the publication bias of the studies used
for calculating OS. The funnel plot was asym-
metrical. The p-value calculated from Egger’s
test suggested the presence of publication bias
(p=0.016) among these studies (Figure 5). The
trim and fill analysis showed that 8 non-published
studies were needed to balance the funnel plot
(Figure 6). The adjusted HR and 95% CI atten-
uated but remains significant (pooled HR=1.376,
95% CI=1.067-1.773, p=0.014, random effects),
thereby suggesting that the potential publication
bias had minimal impact on the overall outcome.

Discussion

MiR-21 is one of the most highly expressed
miRNA, which can promote tumor progression
according to downregulate the expression of sup-
pressor of cytokine signaling 1 (SOCSI), suppres-

sor of cytokine signaling 6 (SOCS6), phosphatase
and tensin homolog (PTEN) and programmed
cell death 4 (PDCD4)*-!. Many researches have
focused on the prognostic value of miR-21 in
NSCLC but with contradictive results. Thus, we
conducted this meta-analysis to comprehensively
assess the survival value miR-21 in NSCLC, hop-
ing to draw a proper conclusion.

In our study, results suggested that patients
with elevated of miR-21 had a poor OS compared
with the others with low expressed miR-21 in
NSCLC. In subgroup analysis of study region, the
correlation between high miR-21 and unfavorite
OS was only observed in studies conducted in
China. In the group of other countries, most-
ly studies (4/5) revealed that high miR-21 was
related to shorter OS except the investigation
of Voortman et al*® (HR=0.81, 95% CI=0.650-
1.010), which was conducted in 14 countries
with 631 patients. However, Gallach et al’® and
Markou et al* detected that high miR-21 was an
unfavorable factor for OS in Spain (p < 0.0001)
and Greece (p=0.037), but were excluded from
the meta-analysis for only reporting the relevant

Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit
Liu, Q. Y. 2017 P (Gf=tasstssantoznos sonstanstnnsaantanssasarstneassnsenan ‘|
Lin, T. C. 2015 |  }eessenesesosaesane () sssuvsssinseisssnssasauttasnasaiaRsans |
Begum, S. 2015 |  Jeercnsinsnisnisanissnissascssissannsds Deessssessssssasssassnsssasssassssasssssasssasasas]sssse i
Wang, X. C. 2013 Jepeesersuesuesussussesnesuesusessesaenns D ressessntssntssanssansssrssssnsssasssasssanssarssaese ‘|
Le’ H. B. 2012 Jorsressrsnesassnsaesassassasassarsassaned e T s |
Lit, X. G. 2012 | ffreseserersensensusensensencisensensns (G entsrsosnssesiestsnnestarcassstsatonsassncssantosas [
Wang’ Z. X. 2011 S Iroessssssacssencssnsssascssnsssassrnssseasossnssssefssesd |
Markou, A. 2008 Joohesorsnesursussessesnesansnsessesncnns ) ]esvecesesseaccsuavessoncecssaseasrsansrrescassacanse |
Cinegag"a, N. C. 2016 Jooforsuesssnnssnsrasassasassacsasanenens ($)je2nsssesasduossscssusastrosastosesassdsssssoerssrases |
Tian, L. 2006 {-seeoeetoorssssacssasssarcsoncsoncs {2 snanssssandussnenusssesaussusssnassansuansase ]|
Gao, W. 2011 | freeeeememmmmreessncediene (D) susssssssssssivassssasassivasivsrsnsosanushossassssenossasnssssnesaiss
Gao, W. 2010 fjreegermemssussnsnemsssssnsnnnns ) sassieesshansintassansasataasanerasrasasiasssnss [
Li, Y. W. 2017 | s ) s 5 SRS R SR R SRS 4
Voortman, J 2010 Y R (G)saesssesssersnsssnanasatasstesspessassqsassssossons {
Capodanno, A. 2013 e T L e e [
Zhao, W. 2015 feferresnessensunnensninniieiinsnnsienn@esensissisesissiisisnisisssesstesnsssssenad ..|
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Figure 4. Sensitivity analysis of the influence of each individual study on the pooled hazard ratios (HRs) for the relationship
between miR-21 and overall survival by omitting individual studies.



Y. Yuan, X.-Y. Xu, H.-G. Zheng, B.-J. Hua

Begg's funnel plot with pseudo 95% confidence limits

loghr

T T T

5
s.e. of: loghr

Figure 5. Funnel plot of publication bias for studies
reporting overall survival.

p-value. Therefore, more cohort studies should
be carried out to explore the prognostic value of
miR-21 in NSCLC in countries other than China.
Five studies were included in subgroup of sam-
ple size > 100 with a negative result (HR=1.747,
95% CI1=0.933-3.272, p=0.081). The lower limit
of 95% CI (0.933) was close to 1. Maybe more
studies carried out with sample size > 100 will get
a positive outcome of correlation between high
miR-21 and poor OS.

Patients with high expressed miR-21 examined
whether in blood or in tissue, were expected to
suffer a shorter OS. To our knowledge, miRNAs
may enter circulation mainly from microvesicles/
exosomes derived from tumor cell***. Microve-
sicles, shed from many cell types, can transfer
miRNA to other cell types and generate the
similar function®3%. And study had shown that
some miRNAs was overexpressed in microvesi-
cles shed from tumor cells than inside the cells®®.

Filled funnel plot with pseudo 95% confidence limits

theta, filled

5
s.e. of: theta, filled

Figure 6. Funnel plot adjusted with trim and fill method
for studies reporting overall survival.
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However, Hu et al’ reported that some miRNAs,
which overexpressed in lung cancer tissue, were
not detectable in the serum. The results from Hu
et al’’” might suggest that the predictive role of
serum miRNAs could be independent from tissue
specimen. Our meta-analysis suggested that miR-
21 not only in tissue but also in circulation was a
significant prognostic biomarker. Otherwise, as a
noninvasive and easily detected biomarker in cir-
culation, miR-21 may be used to investigate the
response of therapies in NSCLC. Zhu et al*® found
that overexpressed plasma miR-21 was predictive
of insensitivity in patients with advanced lung
AD to first-line pemetrexed and platinum-based
chemotherapy. But the mechanisms of all the
above results need to be additional explored.

In our study, significant association between
elevated miR-21 and DFS, RFS and CSD was
observed. However, similar result was not seen
in PFS. The negative outcome of correlation
between miR-21 and PFS might result from the
fewer number of the included study and smaller
sample size. More prospective cohort studies
should be conducted to explore whether high
miR-21 predict poor PFS in NSCLC.

Synthesized data of association between miR-
21 and clinicopathology features indicated that
overexpressed miR-21 was significantly related
to AD, larger tumor size and advanced clinical
stage. Our results were consistent with study
conducted by Liu et al*® which was excluded from
meta-analysis of clinicopathology due to insuffi-
cient data.

Four previous articles® % have explored the
value of miR-21 expression in prognosis of NS-
CLC, and concluded that elevated miR-21 was
associated with poor OS in NSCLC. Novelty
of our meta-analysis are threefold. First, in the
four meta-analyses, not only NSCLC but also
other cancers (breast cancer, colorectal cancer,
pancreatic cancer and so on)®® were included and
other miRNAs (miR-155, miR-126, miR-200c and
so on)* ®- 6 were included. With other cancers
and miRNAs, most of them only explore the
relationship between miR-21 and OS in NSCLC.
Our review only included studies involving miR-
21 and NSCLC, and explored more prognostic
indicators, like DFS, CSD, RFS and PFS. Our
review firstly found that overexpressed miR-21 is
associated with poor DFS, RFS and with higher
CSD (Figure 3). Moreover, comparing Chinese
people and other countries’ people, we found that
elevated miR-21 related to shorter OS is more
suitable for Chinese people. (Table I1I) Second,
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we conducted meta-analysis between miR-21 and
clinicopathology in NSCLC firstly, and found that
overexpressed miR-21 was significantly associ-
ated with AD, larger tumor size and advanced
clinical stage. (Table IV) Larger tumor size, and
advanced clinical stage are common variables
associated with tumor progression. Therefore,
NSCLC patients, especially AD patients, with
these factors would benefit most from evaluation
of miR-21 expression to make clinical decisions.
Third, lots of important studies involving miR-
21 and prognosis in NSCLC were not included
in the four meta-analysis. With more reasonable
search strategy, we included 24 studies to explore
the value of miR-21 expression in prognosis of
NSCLC. However, Zhan et al*® only included 7
studies, Zhu et al® including 3, Yang et al® in-
cluding 5 and Wang et al®* including 7. Overall,
with expanded prognostic indicators (including
0OS, DFS RFS, CSD, PFS), clinicopathology, and
an updated inclusion of recent studies, which
were not included by the four meta-analyses,
our study (3118 patients for prognosis, 2131 pa-
tients for clinicopathology) is responsible for a
more robust conclusion with a larger sample
size. There are several potential limitations in
our meta-analysis. Firstly, publication bias was
detected according to Begg’s funnel plot and
Egger’s test in our meta-analysis. Publication bias
might result from: studies with positive results
were more likely to be published than negative
results; only studies published in English were
included in this meta-analysis. The trim and fill
analysis was performed to validate the robust
of the meta-analysis results. However, different
conclusions did not appear with and without
trim and fill analysis. Secondly, some studies did
not provide HRs and 95% ClIs of multivariate
analysis, we had to calculate HRs and 95% Cls
from Kaplan-Meier curves or univariate analysis,
which might slightly be different from the actual
HRs. Thirdly, heterogeneity existed across stud-
ies. A random-effect model was employed to take
variation into consideration, and we carried out
subgroup analysis to control the influence of the
heterogeneity. Sensitivity analysis suggested that
no point estimate of omitted individual study lay
outside the 95% CI of the pooled analysis.

Conclusions

Our meta-analysis revealed that elevated miR-
21 is an unfavorable predictor of OS, DFS, RFS

and CSD in NSCLC. Moreover, overexpressed
miR-21 was significantly related to AD, larger tu-
mor size and advanced clinical stage. Therefore,
high miR-21 is a promising prognostic biomarker
for NSCLC, especially for AD.
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