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Abstract

Objectives: Previous studies have shown that microRNA-613 (miR-613) functions as a tumor suppressor gene in vari-
ous organ tissues. Our meta-analysis aimed to systematically evaluate the prognostic role of miR-613 and its association
with clinical characteristics of malignant tumors.

Methods: We searched the PubMed/MEDLINE, Web of Science, Cochrane Library, and Google Scholar databases for
relevant studies until July 25, 2023. Then, We pooled individual data and estimated the overall Hazard ratio (HR) and
Odds ratio (OR) of miR-613 for prognosis and patient characteristic linking evaluations, respectively.

Results: After selection, 14 eligible studies with 1510 patients enrolled in final analyses. The lower level of miR-613
expression is associated with advanced stages (OR=3.08, 95% confidence interval [CI]: 2.27-4.18), larger tumor size
(OR=2.05, 95%Cl: 1.11-3.78), and lymph-node metastasis (OR=3.62, 95%Cl: 2.55-5.14). Notably, downregulated miR-613
is associated with inferior progression-free survival (adjusted HR=1.65, 95%Cl: 1.31-2.10) and overall survival (adjusted
HR=1.83, 95%Cl: 1.59-2.11). No significant heterogeneity was found in the analyses (12=0%, P-values were 0.473 and
0.685, respectively).

Conclusion: The results of this study indicate that low miR-613 expression is associated with advanced stages, larger tumor
size, and lymph node metastasis in malignant tumors. Besides, low miR-613 is a poor prognosis indicator for PFS and OS.
Keywords: Cancers, miR-613, meta-analysis, prognostics
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Recent advances in diagnosis and treatment, especially
the appearance of targeted therapies, have improved
the 5-year survival of cancers." Despite that, survival rates
of common cancers such as liver, lung, stomach, esopha-
gus, pancreas, and brain are still low (5-40%)."" Conse-
quently, studying and seeking new biomarkers (tumor
DNA and cells, DNA methylation, long non-coding RNAs,

microRNAs...) that serve as novel therapeutic targets and
assist current tests in the early diagnosis and prognosis of
cancers is necessary. Among the molecular biomarkers, mi-
croRNAs (miR-21, miR-155, miR-222, Etc.) are highly attract-
ed and studied as promising candidates.”? After production,
the mature microRNA binds to targeted mRNA genes, then
inhibits the translation and initiation of gene cleavage.? In
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malignant cells, this physiological process is dysregulated
by increasing oncogenic microRNA activity while restrict-
ing tumor suppressor microRNA, leading to tumorigenesis,
invasion, migration, and metastasis.”? One of the interested
microRNAs, miR-613, has been shown to target multiple
genes and pathways (cMET, CXCR4, KRAS, SPHK1/2, MMP9,
CDK4/9/14, PDK1, E2F5, SOX9, ID4/PI3K/AKT, AXL/AKT, Jag-
ged-1/Notch/CXCR4, DNMT3B/TIMP3/STAT1/FOXO1), and
function as a tumor suppressor but downregulated in vari-
ous cancers.B7 Thus, its expression suggests that miR-613
might be the clinically reliable biomarker. This meta-analy-
sis aimed to evaluate the prognostic role of miR-613 and its
association with cancer characteristics.

Methods

This meta-analysis was conducted following the guideline
of Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).®

Database Searching and Study Selection

We searched the databases of PubMed/MEDLINE, Web of
Science, Cochrane Library, and Google Scholar for eligible
studies from inception to 25 July 2023. The keywords used
in searching include “miR-613", “miR613", “miRNA-613", “miR-
NA613", “microRNA-613", and “microRNA613" In addition, We
reviewed citation reports of potential studies to find more
articles. After searching, relevant studies (n=3257) were
managed by the EndNote software and filtered, removed
duplicates (997 records, Fig. 1). By screening titles and ab-
stracts, We excluded 2178, including retracted articles. Of
the detailed assessment, 66 without required data, one with
public data, and one with previously treated patients did not
progress further. Ultimately, 14 studies with miR-613 expres-
sion and prognostic data enrolled in the meta-analysis.

Quality Assessment and Data Extraction

The quality of included studies was assessed by two inves-
tigators using the Newcastle-Ottawa Scale (NOS), which
comprises selection (4 points), comparability (2 points),
and outcome categories (3 points).”? A study was awarded
2 points in the comparability aspect if similar in (1) demo-
graphic feature (age, gender) and (2) treatment method be-
tween the study (low miR-613) and control (high miR-613)
arms. A greater than or equal to six points was classified
as high quality. In case of no consensus on assessments,
evaluators discussed with each other and determined the
final decision.

Data extracted from articles include author names, year
of publication, country, cancer type, disease stage, treat-
ment method, sample type, sample size, techniques used
in miR-613 detecting, reference gene, cut-off, HR values,
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Figure 1. Database searching and study selection.

HR extraction method, and analysis model (multivariable
or univariable that HR values have been adjusted for clini-
cal confounders or not). Besides, We extracted the true-
positive, false-positive, true-negative, and false-negative
numbers corresponding to the clinical characteristics (age,
gender, clinical stage, tumor size, lymph node metastasis,
and tumor differentiation) to support association analyses.
In case of not directly extractable, We used the Engauge
Digitizer 12.1 software to extrapolate data from the Kaplan-
Meier curves, then calculated HR values according to sug-
gestions of Tierney.'™

Statistical Analysis

All statistical analyses were performed with the guidance
of Harrer and Shim,!""'? using R v.4.3 software (R founda-
tion, 1020 Vienna, Austria) and package meta. We used the
random-effects model to estimate the overall HR value to
support prognosis assessments. HR>1 indicates a poor
prognosis of low miR-613 expression and vice versa for
elevated gene expression. HR=1 is an indicator of no sig-
nificant difference in survival time between groups. The
heterogeneity of estimates between studies was measured
by Higgins & Thompson's 12-statistic, which is substantial
if 12>50%. We adopted the funnel plot asymmetry based
on the linear regression test to detect potential publication
bias. Once bias exists, We used the Trim-and-Fill statistics
to impute missing studies, then calculated the adjusted HR
values. For the association analyses between miR-613 ex-
pression and clinical features, We summarized OR values to
give evaluations. The statistical analyses were significant if
p<0.05.
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Results

Characteristics of Included Studies

Among 14 studies,*?% three studies demonstrated the
role of miR-613 in predicting progression-free survival
(PFS) and overall survival (OS),1'*'%'® one presented data of
disease-free survival and OS," while ten others exhibited
data of OS'>1719-21 (Table 1). All studies detected miR-613 in
tissue samples derived from surgery, using the polymerase
chain reaction method, and obtained a NOS score above
six. Eleven out of 14 studies showed correlations of miR-
613 levels with clinical traits (details in Table S1). The total
numbers included in the meta-analysis were 1510 patients.

The Prognostic Significance of miR-613

The pooled results indicated that the low miR-613 level is
associated with shorter PFS/DFS (HR=1.86, 95%Cl: 1.37-
2.52, Fig. 2A) and OS time (HR=2.13, 95%Cl: 1.79-2.53, Fig.
2B). Also, We found that overall estimates are highly con-
sistent between studies (12=0%, p were 0.473 and 0.685
for PFS and OS, respectively). By the data extraction and
analysis methods, the heterogeneity within groups and the
HR differences between groups are not statistically signifi-
cant (Fig. 2C and 2D). However, a publication bias might be
present in analyses (Fig. 3A and 3B). We used the Trim-and-
Fill statistics to impute assumed studies (Fig. 3C and 3D)
and noted an adjusted HR value of 1.65 (95%Cl: 1.31-2.10,
p<0.001) for PFS/DFS and 1.83 (95%Cl: 1.59-2.11, p<0.001)
for OS.

Association of miR-613 with Clinical Characteristics

As shown in Figure 4, the miR-613 expression did not
correlate with patient age and gender. Significantly, low
miR-613 levels are linked to the advanced disease stages
(OR=3.08, 95%Cl: 2.27-4.118, Fig. 4C), lymph-node metasta-
sis (OR=3.62, 95%Cl: 2.55-5.14, Figure 4D), and larger tumor
size (OR=2.05, 95%Cl: 1.11-3.78, Fig. 4E). Downregulation of
miR-613 was observed more frequently in poorly differenti-
ated tumors but not with significance (Fig. 4F).

Discussion

Increasing evidence expressed that miR-613 regulates mul-
tiple genes and functions as a tumor suppressor to inhibit
cell proliferation, carcinogenesis, migration, invasion, and
metastasis.”! Nevertheless, miR-613 was targeted directly
by the long noncoding or circular RNAs as HOTAIR, RMRP,
MALAT1, UCA1, LINCO0152, LINC00460, CircRIMS.., thus
downregulated in numerous malignant tumors like hepa-
tocellular carcinoma, gastric, lung, breast, thyroid, bladder,
cervical cancers, glioma, retinoblastoma, and osteosarcoma.
13427300 Accordingly, the miR-613 expression might contrib-
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Figure 2. Forest plots of HR for progression-free survival (a) and over-
all survival (b), overall survival by the data extraction (c) and analysis
methods (d).
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Figure 3. Funnel plot asymmetry tests for PFS and OS before (a, b) and after adjusting for publication bias (c, d).

ute as a promising biomarker for diagnosis and prognosis,
but no comprehensive evaluations have been made to date.

We conducted a systematic review and meta-analysis on
14 studies and noted that lower tissue miR-613 expres-
sion levels are related to advanced diseases, larger tumor
size, and lymph node metastasis in cancers (Fig. 4). Impres-
sively, We found highly consistent evidence across studies
that low miR-613 is an unfavorable prognostic marker for
PFS and OS regardless of data extraction methods (Fig. 2).
Despite of publication bias existence, the adjusted HR val-

ues remain significant. Meanwhile, some reviewed studies
but not eligible for this meta-analysis, where their results
strengthen the hypothesis that low miR-613 is related to
therapy resistance and poor prognosis.®*'*2 Hence, these
findings will lead the way for future studies before miR-613
becomes a prognostic biomarker clinically.

Regarding the limitations of meta-analysis, We suggest
that subsequent studies should deal with liquid biopsy
samples such as plasma, serum, body fluids, and urine,
leading to practical and easy miR-613 testing in the real
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Figure 4. Association of low miR-613 levels with old age (a), male gender (b), advanced disease staging (c), lymph-node metastasis (d), larger

tumor size (e), and poor tumor differentiation (f).

world. The non-invasive approach also allows us to evalu-
ate the prognostic role of miR-613 adequately because it is
not certain that miR-613 expression levels in the blood are
matched directly to tissue samples. Moreover, We still do
not know whether using a single or both types of samples
will be best. Secondly, future studies should be done glob-
ally other than Asian ethnicities due to the certain genetic
variations between populations.®® Thirdly, prognostic as-
sessments on other specific regimens such as chemother-
apy, radiotherapy, and targeted therapies are encouraged.
In that trials, a multivariate analysis model combined miR-
613 with other diagnostic tests and clinical features should
be applied, which were less observed in this meta-analysis.
1131622241 Finally, standardization of the RT-gqPCR technique
used in detecting miR-613 is requested to increase repro-
ducibility between centers. Such variables may include
time and conditions of sample storage, processing, extrac-
tion method, normalization gene, and cut-off value.®* For
example, experts recommended using miR-16 and miR-
103a as endogenous normalization control alternatives to
U6 in the RT-qPCR reactions.>3¢

Conclusion

In conclusion, this meta-analysis indicates that low expression
of miR-613 in tissue samples is associated with advanced dis-
ease staging, larger tumor size, and lymph node metastasis in
cancers. Importantly, low miR-613 is a poor prognosis factor
for PFS and OS, enabling its clinical usage near future.
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