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ARTICLE INFO ABSTRACT
Keywords: Introduction: Ovarian cancer is the seventh most prevalent cancer among women. It has high
Ovarian cancer mortality and morbidity and imposes a great burden on healthcare systems worldwide. Unrav-
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eling the mechanisms behind the Epithelial-Mesenchymal Transition and finding a panel for
predicting the prognosis of the disease may help find the appropriate treatment approaches for
the management of the disease. The overarching aim of this systematic review was to define a
panel of different types of EMT-associated non-coding RNAs (ncRNAs) with significant prognostic
value in all types of ovarian cancers.

Methods: We searched PubMed, Web of Science, Scopus, and Embase till Jun 2024 to retrieve
relevant papers. Two independent reviewers screened papers, and discrepancies were resolved by
consensus. Publications related to the dysregulation of different types of ncRNAs, including
microRNAs, IncRNAs, and circRNAs, only in patients with ovarian cancer were included. The
participation of ncRNAs in epithelial-mesenchymal transformation should be assessed via
methods evaluating different EMT-related proteins. To assess the quality and risk of bias for the
included case-control and cohort studies, refined Newcastle-Ottawa Scale (NOS) and Quadas-2
were recruited. A bivariate meta-analysis was performed to analyze extracted data.

Results: A total of 37 studies with overall 42 non-coding RNAs (15 microRNA, 24 long non-coding
RNAs, and 3 circular RNAs) were entered into the analysis. Overall diagnostic odds ratio for
ncRNAs in lymph node metastasis, distant metastasis, TNM stage, and clinical stage were 4.19,
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3.80, 6.52, and 3.97, respectively. Also, a hazard ratio of 1.39 (P = 0.32) for overall survival was
observed. Bioinformatic analyses on the Pan-cancer database demonstrated a significant corre-
lation between low expression of miRNA and high expression of IncRNAs with poor prognosis of
ovarian cancer.

Conclusion: Based on the results, the defined panel of ncRNAs can properly predict prognostic
factors related to EMT in ovarian cancer without involving potentially invasive methods.

1. Introduction

Ovarian cancer (OC) is one of the most prevalent gynecological malignancies and accompanies a poor prognosis and a high
mortality rate. It has a five-year survival rate of less than 45 % and is considered the leading lethal malignancy among gynecological
cancers [1,2]. OC is known as a cancer with asymptomatic, inconspicuous, and hidden growth with delayed symptom onset, and it is
usually diagnosed in advanced stages, which limits recruiting the possible treatment methods [3]. High rates of metastasis, invasion
into adjacent tissues, and resistance to conventional therapies contribute to the high mortality rate and poor prognosis of this cancer
[4]. Early diagnostic tests of OC (e.g., measurement of serum cancer antigen 125 (CA125) and transvaginal ultrasonography) are not
specific, effective, and sensitive enough for early detection and do not significantly contribute to improving clinical outcomes [5].
Therefore, finding diagnostic and prognostic approaches is one of the most important challenges and necessities. Determining
mechanisms that result in these features of OC and providing prognostic panels may decrease the burden of the disease and increase
overall survival.

Epithelial-mesenchymal transition (EMT) is a molecular process in which cells undergo specific changes, including losing their cell-
to-cell adhesion, acquiring more mobility and stem cell-like properties, and transforming from an epithelial to a mesenchymal cell
type. EMT has been shown to play an important role in cancer metastasis, invasion, and cellular resistance to chemotherapy. Blocking
EMT to reduce tumorigenesis is considered a key adjuvant strategy for OC treatment [6]. During the EMT process, the expression of
E-cadherin as an epithelial marker decreases, while mesenchymal markers, such as N-cadherin, increase. Several studies have
investigated different mediators and pathways contributing to EMT, and non-coding RNAs (ncRNAs) have been shown to play roles in
the induction or suppression of EMT [7-9].

The ncRNAs are RNA transcripts that do not encode proteins and were assumed to be by-products with no important biological
functions. NcRNAs comprise various types, including housekeeping (e.g., transfer RNAs, ribosomal RNAs, and small nucleolar/nuclear
RNAs) and regulatory ncRNAs (e.g., small interfering RNAs, Long non-coding RNAs (IncRNAs), microRNAs, and circular RNAs
(circRNAs)). Housekeeping ncRNAs are known to be stably expressed genes supporting cell life activity, while regulatory ncRNAs
participate in biological processes. Abnormalities in ncRNA regulatory networks can interfere with normal cell functions and are
closely associated with pathological changes, occurrence and, or progression of various diseases, drug resistance, and multiple ma-
lignancies, including OC, which may become more aggressive in response to these different types of ncRNAs [7,10-15]. For instance,
overexpression of MIR503, a tumor suppressor in cancers, suppresses the tumorigenic ability of OC, impairing the proliferation, EMT,
and invasiveness and facilitating cell apoptosis [16]. Furthermore, long intergenic ncRNA LINC00665 is upregulated in OC, which
targets and inhibits miR-181a-5p while upregulating FHDC1 expression [17]. Although the mechanisms by which ncRNAs participate
in cancer progression are not fully understood, numerous reports have elucidated their role in the EMT process as a known mechanism
affecting malignant cell growth or spread [18].

Moreover, multiple ncRNAs have been shown to have prognostic values for this cancer. The role of ncRNA downregulation and
upregulation in the EMT process and metastasis in the OC has been investigated in several studies. Also, it has been shown that they
could predict the stemness of cancer stem cell proliferation, metastasis, apoptosis, and chemotherapy resistance. Although there have
been some review papers on the role of ncRNAs in OC, to the best of our knowledge, there has not been a comprehensive systematic
review and meta-analysis outlining the significance of EMT-related ncRNAs in the prognosis of OC [9,19-26]. Here, we have gathered
all the published data and conducted a thorough systematic review and meta-analysis of the EMT-associated ncRNAs that have
prognostic and diagnostic value, as well as provided mechanistic information about OC. In this review, we focused on different types of
OC, including epithelial ovarian cancer (EOC), high-grade serous ovarian cancer (HGSOC), and ovarian serous carcinomas (OSC).

2. Methods
2.1. Study protocol and search strategy

A systematic search of the literature was performed to retrieve papers discussing the prognostic value of ncRNAs related to EMT in
OC patients. We developed a specific search strategy for each of the Embase, PubMed, Scopus, and Web of Science databases using the
keywords ((“Ovarian” OR “Ovary”) and (“cancer*" OR “Neoplasm*” OR “Ovarian Neoplasm*")) and (“Metasta*" OR “EMT” OR
“Epithelial-Mesenchymal transition” OR “Epithelial-Mesenchymal transformation” OR “Epithelial Mesenchymal*") and ((“RNA and
Untranslated”) OR (“Noncoding” and “RNA”) OR (“Non-coding” and “RNA*") OR “ncRNA*" OR “MicroRNA*" OR “miRNA*” OR “miR”
OR (“Long Noncoding” and “RNA*") OR (“long” and “non” and “coding” and “RNA**) OR “IncRNA*" OR (“long non-coding RNA**) OR
“ceRNA*” OR (“competing endogenous RNA**) OR “LINC RNA*” OR “circRNA*” OR (“Circular” and “RNA**)), and the relevant MeSH
terms. The detailed search strategy for each database is available in Supplementary Table 1.
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The searches were not restricted to the title/abstract or specific languages. We applied the search terms to all fields by considering
papers published from 2000 to Jun 13, 2024. The search result of each database was collected in a library. Then, retracted articles and
duplicates were removed. This systematic review is based on the PRISMA statement [27]. The methodology of this study was registered
in PROSPERO (Registration No. CRD42022304776).

2.2. Data management, screening, and detailed review

Two reviewers (SNS and SM) independently screened the title and abstract of the studies acquired from the previous step based on
the defined inclusion and exclusion criteria. Disagreements were resolved by consulting with the third reviewer (ASK). In the title/
abstract screening stage, conference abstracts, duplicate papers, letters, reviews, and editorial publications were excluded. Eligible
articles were necessarily related to EMT, ncRNAs, and OC. Otherwise, they were excluded and classified as “not related to the topic”
publications. Furthermore, papers that had not discussed prognosis and overall survival (OS) in their abstracts were not excluded at
this stage, and a decision about them was taken during the full-text review.

In the detailed review step, the full text of the included papers was screened to check if the documents meet the study’s inclusion
criteria and have enough data to proceed with further steps. The evaluation of ncRNAs and their correlation with EMT and the
evaluation of the prognostic role of the assessed ncRNAs were the essential factors reviewers appraised. Other exclusion criteria were
case series, case reports, interventional and bioinformatics papers, cell line research, and animal studies lacking human samples. To be
included, intervention-free samples must have been obtained from human OC patients, regardless of their disease stage, who did not
suffer from other diseases or had not received medication therapies.

2.3. Data extraction

SNS and SM extracted the following data from the eligible articles: first author, publication year, country, study design, sample
type, the number of cases and controls, ncRNA detection method, cancer stage, age-related information of controls and patients (mean,
minimum, maximum, and standard deviation [SD]), type and name of the ncRNAs, the number of patients with upregulated and
downregulated ncRNAs, p-value, prognosis levels (poor or good), the oncogenic or tumor-suppressive role of the ncRNAs, target genes
and molecular mechanism of ncRNAs, type of OC, the number of patients with or without lymph node or distant metastasis regarding
expression levels of ncRNAs, the number of patients with different clinical stages and TNM stages in both high and low expression
levels of target ncRNA, hazard ratio (HR) and confidence of interval (CI) of both univariate and multivariate analysis of OS and
progression-free survival (PFS). In case the needed data was not available in the paper or its supplementary material, the corre-
sponding author(s) were contacted to obtain the needed data.

2.4. Quality assessment

To assess each included article’s validity, quality, and risk of bias, case-control and cohort studies were evaluated based on the
Newcastle-Ottawa Scale (NOS) [28]. We refined NOS questions and scores according to our study and defined the total validity score
ranging from a minimum of 0 to a maximum of 8. The maximum scores of four, two, and two have been awarded to the three
characteristics of each study: selection, comparability, and outcome, respectively. There was a consensus on considering papers with a
total score of > 5 as high-quality studies. Moreover, The Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) checklist
was recruited to assess the risk of bias [29].

2.5. Statistical analysis

True positive (TP), true negative (TN), false positive (FP), and false negative (FN) rates were directly extracted from the included
studies or were calculated based on the reported sensitivity, specificity, and prevalence. TP, TN, FP, and FN values were used to
calculate the pooled effect size of ncRNAs expression in cancerous tissue for predicting TNM staging, clinical staging, lymph node
metastasis (LNM), and distant metastasis (DM) as factors, predicting the severity and prognosis of OC. A univariate meta-analysis was
conducted to compute the overall sensitivity, specificity, and diagnostic odds ratio (DOR) for the mentioned variables. The ncRNAs
were only included in the meta-analysis if their effect had been reported as significantly positive. A generalized linear mixed model
(GLMM) with log transformation was used for a random-effect univariate meta-analysis of sensitivity and specificity. An inverse
variance model was used for a random-effect univariate meta-analysis of DOR. Continuity correction for studies containing zero cell
counts was performed via the method introduced by Weber et al. [30]. Cochrane’s Q test and I> were used to assess the heterogeneity
between studies, and a P-value of lower than 0.1 was considered significant. Subgroup analysis was performed based on the type of
ncRNAs (microRNA, IncRNA, and circRNA) if there were at least two groups with at least two studies in each group. Furthermore, to
find the best ncRNAs panel for predicting the prognosis of OC, based on the primary analysis, the effects of the ncRNAs with low
expression were adjusted to improve the power of the model.

Bivariate meta-analysis fitted to logit-transformed sensitivities and false positive rates (FPRs) using the Reitsma et al. approach, and
variance components were calculated using the restricted maximum likelihood (REML) method [31]. The summary receiver operating
curve (SROC) was used to visualize the summary of the diagnostic performance of the included studies. The area under the SROC
(AUSROC) and its CI were calculated by bootstrapping (2000 iterations) [32]. The heterogeneity was evaluated by the visual symmetry
of the SROC and the correlation between logit-transformed sensitivity and specificity. Additionally, the Holling sample size adjusted
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method was used for calculating the I? estimate of heterogeneity, and I2 over 75 %, 25-75 %, and under 25 % were considered high,
moderate, and low heterogeneity [33,34]. Deek’s funnel plot asymmetry test assessed the publication bias; a P-value <0.1 was
considered significant. Meta-regression was performed for the type of ncRNAs.

Moreover, a meta-analysis was performed for the HR of OS of OC as a predictor of prognosis for ncRNAs. The natural logarithm of
HR was used as the effect size, and the REML method was used to calculate the variance components. Subgroup analysis was performed
for the type of ncRNAs. Cochrane’s Q test and I? were used to evaluate heterogeneity. Egger’s test was used to assess the asymmetry of
the funnel plot. Generally, P-values <0.05 were considered significant, and all reported CIs are 95 % CI. All analyses were performed
via the R programming language, V4.2.1, using “mada,” “meta,” “metafor,” “dmetar,” and “dmetatools” packages [32,35-38].

2.6. Bioinformatics analysis

Further analysis was conducted to find a probable correlation between the obtained data from this meta-analysis and existing
datasets. We used TCGA data from the Pan-cancer database. The purpose of applying the Pan-cancer database was to validate our
discoveries. We re-evaluated the OS impact of the differential expression of the microRNAs and IncRNAs in OC patients compared with
healthy women using the Kaplan-Meier (K-M) plotter (https://kmplot.com/analysis/) [39]. It could be noted that the K-M plot
visualization was performed based on the auto-select cut-off values [40].

Identification of new studies via databases and registers

= Records identified from:
£ gr::fabs??: £n1 2‘;)3:‘) Records removed before screening:
3 Scopus (n = 3.160) Duplicate records (n = 3,473)
E Web of Science (n = 2,988) Records removed for other reasons (n = 95)
2 Pubmed (n = 909)
Records screened Records excluded
(n=5,162) (n=4,830)
Reports sought for retrieval Reports not retrieved
(n=62) (n = 49)
2
§
3
Reports excluded:
Not related to the topic (n = 213)
Reports assessed for eligibility Cell line researches and/or animal
(n=332) models and/or datasets (only) (n = 30)
Insufficient data with failed
quality assessment (n = 52)
3 New studies included in review
°
2 (n=37)
c

Fig. 1. PRISMA flow diagram of the systematically reviewed papers with differential ncRNAs expression in OC patients. Initial searches in
four databases resulted in 8730 articles. After removing 3473 duplicated and 95 retracted articles, 5162 papers were selected to be screened based
on title/abstract and be categorized based on the defined exclusion/inclusion criteria. 332 included articles were grouped based on full-text
screening. Finally, 37 studies were identified as eligible for our meta-analysis.
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3. Results
3.1. Study selection

Searching four databases, collecting the results of each search to a single library, omitting duplicate publications, and screening
abstracts resulted in the retrieval of 332 studies. Following that, full-text reviewing led to the selection of 37 eligible articles for meta-
analysis [41-77]. During the detailed review step, fifty-two articles were excluded due to insufficient data and failure to receive an
appropriate score in the validity assessment, despite having all the inclusion criteria required for acceptance. The selection process
with the exclusion reason of the articles was briefly characterized in Fig. 1.

3.2. Study characteristics and quality assessment

A total of fifteen microRNAs (miR-506 [41], miR-26b [51], miR-216a [42], miR-532 [53], miR-3064 [53], miR-616 [64],
miR-219a-5p [63], miR-214 [73], miR-196-5p [62], miR-99a [56], miR-18a [69], miR-126 [70], miR-489 [57], miR-98-5p [59], and
miR-488 [44]), twenty-four IncRNAs (HOTAIR [50], CCAT1 [60], HOXD-AS1 [61], ADAMTS9-AS2 [72], MEG3 [63], PVT1 [73],
DQ786243 [74], GAS5 [62], LncARSR [54], FLVCR1-AS1 [55], TC0101441 [58], FAM83H-AS1 [65], HOXB-AS3 [66], LINC-PINT
[76], NEAT1 [52], SNHG20 [75], MAFG-AS1 [68], DSCR8 [59], LINC01094 [77], E2F4as [43], DNM30OS [45], LINC01969 [46],
SRA [48], and HCG18 [49]), and three circRNAs (Circ_100395 [67], Circ_0000745 [47], and CircAGFG1 [71]) were evaluated in the
included publications. The detection method of the target ncRNAs was quantitative real-time polymerase chain reaction (QRT-PCR) in
almost all studies. Overall, the studies carried out their research on 5207 clinical samples, including 2086 control and 3121 OC patient
tissue samples. The main characteristics of the included studies are described in Table 1.

Among the 37 included primary studies for meta-analysis, seventeen got a score of 5 [41-44,47-49,52,53,64,72-78], ten got a
score of 6 [45,50,51,54-59,71], eight got a score of 7 [60-63,65-68], and two got a score of 8 [69,70] in the refined NOS quality
assessment. The quality assessment results have been summarized in Table 2. Moreover, the risk of bias assessment via QUADAS-2 has
been shown in Fig. 2A and B.

3.3. Diagnostic accuracy of ncRNAs for LNM in OC

In the univariate analysis of DOR, the overall effect for ncRNAs in LNM was 4.5 (95%CI, 3.39-5.99; P-value <0.0001). The het-
erogeneity was moderate, with an I? of 24 % (Q, 31.38; P-value 0.14). The subgroup analysis demonstrated that overall, DOR in
microRNA and IncRNA was 4.67 (95%CI, 2.48-8.81; P-value <0.0001) and 4.44 (CI, 3.15-6.25; P-value <0.0001), respectively.
Heterogeneity was moderate in both subgroups (%, 35 %; Q, 10.79; P-value 0.15 and I, 26 %; Q, 20.32; P-value 0.16 for microRNA and
IncRNA, respectively). There was only one study that examined the effects of circRNA, so the subgroup analysis was not applicable to
this ncRNA. The subgroup difference was insignificant (X2, 0.02; P-value, 0.99). The forest plot for DOR univariate meta-analysis has
been depicted in Fig. 3A. Publication bias was not significant, with a P-value of 0.71. Fig. 4D shows Deek’s funnel plot for DOR.
Univariate analysis for sensitivity and specificity demonstrated an overall sensitivity of 72 % and specificity of 64 %, with moderate
heterogeneity for both sensitivity and specificity (Fig. 3B).

The bivariate scatter plot shows the data are generally concentrated around the center with low dispersion (Fig. 4A). A bivariate
meta-analysis demonstrated that the overall sensitivity was 0.71 (95%CI, 0.65-0.77; intercept P-value <0.001; between-studies
standard deviation [SD], 0.51) and the overall specificity was 0.63 (95%CI, 0.57-0.68; intercept P-value <0.001; between-studies
SD, 0.45). The total AUC was 0.72 (95%CI, 0.66-0.75). The overall DOR, LR", and LR~ were 4.19 (95%CI, 3.13-5.47), 1.91 (95%
CI, 1.67-2.19), and 0.46 (95%CI, 0.38-0.55), respectively. The bivariate meta-analysis result has been shown as SROC and bagplot in
Fig. 4B and C. The SROC was symmetrical, and the correlation coefficient between logit-transformed sensitivity and specificity was
negative (r, —0.70), showing low heterogeneity. Also, the Holling sample size adjusted I was 1.5-1.7 %. The log-likelihood for the
model goodness-of-fit was 31.74.

3.4. Diagnostic accuracy of ncRNAs for DM in OC

The univariate analysis demonstrated an overall DOR of 3.86 (95%CI, 2.47-6.03 and P-value <0.0001) with a moderate hetero-
geneity (I%, 65 %; Q, 33.80; P-value <0.01). The subgroup analysis demonstrated no significant difference between subgroups (X2,
1.97; P-value, 0.37). The overall DOR was 4.65 (95%CI, 2.20-9.84; P-value <0.0001),2.74 (95%CI, 1.56-4.82; P-value <0.001), and
5.63 (95%CI, 1.86-17.06; P-value <0.01) in miRNA, IncRNA, and circular RNA, respectively (Fig. 5A). The heterogeneity was high in
the miRNA subgroup 2,77 %; Q, 21.79; P-value <0.01), moderate in the IncRNA subgroup (1%, 51 %; Q, 8.18; P-value, 0.09), and low
in the circular RNA subgroup (%, 0 %; Q, 0.26; P-value, 0.61). The publication bias was high (P-value <0.001). Deek’s funnel plot has
been depicted in Fig. 6D. Overall sensitivity and specificity in univariate analysis were 73 % and 58 %, respectively, with moderate
heterogeneity in both analyses (Fig. 5B).

The scatter plot demonstrated that the data are not centered and have dispersion (Fig. 6A). The bivariate meta-analysis demon-
strated total sensitivity and specificity of 0.73 (95%CI, 0.66-0.78; intercept P-value, <0.001; between-studies SD, 0.38) and 0.58 (95%
CI, 0.52-0.64; intercept P-value <0.01; between-studies SD, 0.29), respectively. The overall AUC was 0.67 (95%CI, 0.56-0.74). The
total DOR, LR", and LR™ in the bivariate meta-analysis were 3.80 (95%CI, 2.38-5.75), 1.75 (95%CI, 1.44-2.10), and 0.47 (95%ClI,
0.36-0.61), respectively. The SROC and bag plot for the bivariate meta-analysis has been depicted in Fig. 6B and C. The SROC did not



Table 1
Main characteristics of the included studies for meta-analysis.
First Year Country Type of Name of ncRNA  Detection Sample Expression Target Gene(s) Type Molecular Mechanism Ref.
Author ncRNA Method Size (case/ Levels (Up/ of OC
control) Down)

LinJ 2015  China MicroRNA miR-26b qRT-PCR 97/- 48/49 KPNA2 EOC MiR-26b inversely correlates with the expression of [51]
KPNA2 that downregulates OCT4 and Vimentin and
conversely upregulates E-cadherin.

Liu H 2017 China MicroRNA miR-216a qRT-PCR 87/25 44/43 PTEN - MiR-216a directly targets PTEN and inhibits the PTEN/ [42]
AKT pathway, which promotes EMT and metastasis of
OC cells.

Bai L 2017  China MicroRNA miR-532 qRT-PCR 60/20 miR-532:0/31  hTERT EOC Both miR-3064 and miR-532 bind to and suppress the [53]

miR-3064 miR-3064: 0/ hTERT Leading to EMT process suppression and
29 apoptosis induction, and the loss of these MiRs leads to
ocC.

Chen Z 2018  China MicroRNA miR-616 qRT-PCR 60/60 30/30 TIMP2 - MiR-616 directly targets TIMP2, which is required for [64]
EMT process promotion.

Wang L 2019  China MicroRNA miR-219a-5p qRT-PCR 317/317 132/185 EGFR - MiR-219a increases the expression of E-cadherin and [63]
reduces the expressions of N-cadherin. Therefore, MiR-
219a prevents EMT by targeting EGFR.

Zhao H 2018  China MicroRNA miR-196-5p qRT-PCR 195/195 114/81 HOXAS5 HGS- MiR-196a-5p promotes EMT by targeting HOXAS, [62]

oC reducing E-cadherin, and increasing N-cadherin in
HGSOC.

Chen Y 2018  China MicroRNA miR-214 qRT-PCR 231/58 101/130 - EOC MiR-214 is downregulated by PVT1, which promotes [73]
EMT in EOC.

Zhang L 2019  China MicroRNA miR-99a qRT-PCR 47/47 23/24 HOXA1 - MiR-99a directly targets HOXA1 and suppresses cell [56]
proliferation via the AKT/mTOR pathway. This
microRNA also inhibits invasion-mediated EMT.

Zhao Y 2020 China MicroRNA miR-18a qRT-PCR 50/50 20/30 CBX/ERK - MiR-18a targets and inhibits the CBX7 and ERK protein [69]
levels Promotes ERK/MAPK signaling pathway leads to
suppression of the proliferation, migration, invasion,
and EMT.

Zhang Y 2020  China MicroRNA miR-126 qRT-PCR 54/54 20/34 EGLF7/ERK - MiR-126 directly targets EGFL7 and regulates the ERK/  [70]
MAPK signaling pathway via suppression of ERK and
participates in EMT.

Jiang 2020 China MicroRNA miR-489 qRT-PCR 51/51 20/31 XIAP/PI3K/EMT- - MiR-489 binds to and regulates the X-linked inhibitor [57]

HW related genes of apoptosis protein (XIAP), phosphatidyl-inositol 3-
kinase/protein kinase B pathway (PI3K/AKT), and
EMT in OC.

Dong L 2020  China MicroRNA miR-98- 5p qRT-PCR 52/52 26/26 STAT3/HIF-1a - Downregulation of miR-98-5p in OC tissues promotes [59]
EMT and cell growth progression of OC.

Guo JY 2020  China MicroRNA miR-488 qRT-PCR 58/- 18/40 CCNG, P53 - MiR-488 suppresses OC metastasis by reducing the [44]
expression of p53 and CCNG and blocking EMT.

Sun Y 2015  China MicroRNA miR-506 ISH 204/- 95/102 EMT- related genes EOC MiR-506, an EMT inhibitor, directly targets and [41]

(Vimentin/SNAI2/ inhibits Vimentin, SNAI2, and CDH2 expression while
CDH2) increasing the E-cadherin levels in EOC.

Chen J 2021 China LncRNA LINC01969 qRT-PCR 41/41 19/22 miR-144-5p - LINC01969 sponges miR-144-5p to upregulate LARP1 [46]
and then promotes migration, invasion, EMT, and
proliferation of OC cells.

Qiu JJ 2014 China LncRNA HOTAIR qRT-PCR 64/29 32/32 MMPs EOC HOTAIR promotes EMT in EOC via MMP. [50]

CaoY 2017  China LncRNA CCAT1 qRT-PCR 72/72 36/36 miR-152/miR-130b/ EOC In EOC, CCAT1 is inversely associated with the activity ~ [60]

ADAM17/WNT1/ of miR-152 and miR-130b, Which target ADAM17,

(continued on next page)
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Table 1 (continued)

First Year
Author

Country

Type of
ncRNA

Name of ncRNA

Detection
Method

Sample
Size (case/
control)

Expression
Levels (Up/
Down)

Target Gene(s)

Type
of OC

Molecular Mechanism

Ref.

Zhang Y 2017

Wang A 2018

Wang L 2019

Chen'Y 2018

Yong W 2018

Yan H 2018

Zhao H 2018

Shu C 2018

Yan H 2019

Qiu JJ 2019
Dou QR 2019
Wang D 2019

Zhuang 2019
XH

China

China

China

China

China

China

China

China

China

China

China

China
China

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA
LncRNA

HOXD- AS1
(HAGLR)

ADAMTS9-AS2

MEG3

PVT1

NEAT1

DQ786243

GAS5

LncARSR

FLVCR1- AS1

TC0101441
(ERLNC1)
FAMS83H- AS1
(IQANK1)
SNHG20
HOXB-AS3

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR
qRT-PCR

qRT-PCR
qRT-PCR

43/43

47/-

317/317

231/58

75/-

30/30

195/195

76/76

50/50

74/20

80/80

60/15
178/178

22/21

24/23

136/171

115/116

37/38

15/15

70/125

38/38

27/23

37/37

38/42

38/22
91/87

ZEB1/STAT3/
Vimentin/N-cadherin
miR-133a- 3p

miR-182-5p

miR-219-5p

miR-214/EZH2

miR-506

miR-506

miR-196a- 5p

HuR/ZEB1/ZEB2

miR-513

Kiss1

HuR

EOC

EOC

HGS-
ocC

HGS-
ocC
EOC

0sC

EOC

EOC
EOC

WNT1, STAT3, ZEB1, Vimentin, and N-cadherin, then
negatively regulate the EMT process.

IncRNA HOXD-AS1 promotes cell proliferation,
invasion, and EMT by targeting and sponging miR-
133a-3p and activates the Wnt/f-catenin pathway in
EOC.

ADAMTS9-AS2 sponges miR-182-5p and decreases OC
progression via regulating the miR182-5p/FOXF2
pathway.

Low levels of ADAMTS9-AS2 are correlated with OC
cell metastasis, proliferation, invasion, and EMT. MiR-
182-5p directly targets FOXF2.

MEG3 regulates miR-219a-5p/EGFR axis and prevents
EMT.

PVT1 represses miR-214 expression through
interaction with EZH2. PVT1 overexpression reduces E-
cadherin while elevating the expression levels of
Vimentin, p-catenin, Snail, and Slug proteins,
promoting EMT.

NEAT1 is stabilized by LIN28B, sponges miR-506, and
promotes OC progression in HGSOC. NEAT1 promotes
EMT by elevating the expression of E-cadherin,
whereas reducing the expression of N-cadherin, MMP9,
and MMP2.

DQ786243 interacts with and suppresses miR-506 and
promotes OC progression through targeting CREB1.
Furthermore, DQ786243 promotes EMT via
downregulation of E-cadherin protein and
upregulation of the Vimentin and snai2 protein levels.
GASS directly targets miR-196a-5p in HGSOC and
prevents EMT.

Overexpression of IncARSR activates the WNT/B-
Catenin pathway and increases ZEB1 and ZEB2
expression by competitively binding to the miR-200
family (IncARSR acts as ceRNA for miR-200 family),
thus inducing EMT.

FLVCR1-AS1 directly targets and downregulates miR-
513, thus upregulated FLVCR1-AS1 mediates miR-513/
YAP1 axis in OSC to promote EMT, cell growth,
migration, and invasion and lower apoptosis.
TC0101441 targets and negatively regulates the KiSS1
and promotes cell migration/invasion and EMT in EOC.
FAMB83H-AS1 interacts with and stabilizes HuR and
facilitates EMT.

SNHG20 promotes EMT in EOC.

HOXB-AS3, an oncogene, activates Wnt/p-catenin
signaling, promotes cell proliferation, migration,
invasion, and EMT, and inhibits apoptosis in EOC.

[61]

[72]

[63]

[73]

[52]

[74]

[62]

[54]

[55]

[58]

[65]

[75]
[66]

(continued on next page)
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Table 1 (continued)

First
Author

Year

Country

Type of
ncRNA

Name of ncRNA

Detection
Method

Sample
Size (case/
control)

Expression
Levels (Up/
Down)

Target Gene(s)

Type
of OC

Molecular Mechanism

Ref.

HaoT

Bai Y

Dong L

Park SA

HeL

Kim LK

Zhang F

LiX

Wang S

Luo J

2020

2021

2020

2020

2020

2021

2021

2022

2020

2021

2024

China

China

China

China

Korea

China

South
Korea

China

China

China

China

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

LncRNA

CircRNA

CircRNA

CircRNA

LINC-PINT

MAFG-AS1
(MILIP)

DSCR8

LINC01094

E2F4as

DNM30S

Lnc-SRA

HCG18

Circ_100395

Circ_0000745

CircAGFG1

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

72/72

75/75

52/52

93/93

108/32

49/18

101/63

30/30

60/60

50/50

30/30

20/52

37/38

26/26

78/30

25/24

66/35

15/15

30/30

24/26

15/13

miR-374a-5p

miR-339-5p

miR-98- 5p

miR-577

miR-193a-3p/EMT
-related genes

E-cadherin/p-catenin/
N-cadherin/Snail/
HES1/Vimentin/
NOTCH/NICD/P300
miR-29a/b

miR-1228

miR-3187- 3p

miR-409-3 p

EOC

LncRNA LINC-PINT sponges miR-374a-5p, inhibits cell
proliferation, migration, and EMT, and augments
apoptosis in OC.

MAFG-AS1 recruits and upregulates NFKB1 by binding
to miR-339-5p. This leads to higher levels of IGF1 and
promotes EMT and cell migration/invasion.
Overexpression of DSCR8 in OC tissue leads to cell
proliferation, invasion, and EMT while inhibiting
apoptosis. Overexpressed DSCR8 positively regulates
the expression of hypoxia-inducible factor 1 alpha
(HIF-1a) and STAT3 and participates in miR-98-5p
downregulation.

LINC01094 directly targets and inhibits miR-577 and
promotes cell proliferation, migration, invasion, and
EMT. MiR-577 targets LRP6, Wnt2b, and f-catenin and
regulates the Wnt/p-catenin pathway.

E2F4as promotes cell proliferation, invasion, and EMT
migration and decreases apoptosis.

DNM3OS interacts with miR-193a-3p and increases the
expression of MAPK3K3 by repressing miR-193a-3p.
Overexpression of DNM30S augments OC EMT,
proliferation, cell migration, invasion, and the
expression of N-cadherin protein and impedes the E-
cadherin levels.

LncRNA SRA regulates OC progression through NOTCH
signaling and EMT.

LncRNA-HCG18 stimulates the NF-kB pathway-
mediated EMT, proliferation, and migration of EOC
cells by acting as a ceRNA of miR-29a/b, which
upregulates TRAF4/5 expression levels.
Overexpression of HCG18 reduces E-cadherin while
increasing the protein levels of MMP2, MMP9, and
Vimentin.

CircRNA_100395 negatively associates with miR-1228
and exerts its inhibitory activity against cell growth,
cell proliferation, and metastasis of OC cells by
regulating the miR-1228/p53/EMT pathway.
Circ_0000745 targets and inhibits miR-3187-3p and
promotes phosphorylation of the PI3K/AKT pathway
via stabilizing ERBB4. Circ_0000745 facilitates EMT by
enhancing the expression of Vimentin and Snail and
reducing the expression of E-cadherin. MiR-3187-3p
inhibits ERBB4 and blocks Circ_0000745.

CircAGFG1 promotes EMT, proliferation, and invasion/
migration of the OC by targeting miR-409-3p, elevating
the zinc finger E-box binding homeobox 1 (ZEB1)
expression.

[76]

[68]

[59]

[77]

[43]

[48]

[49]

[67]

[47]

[71]
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Table 2

NOS scores for included studies.

First Author (Year)

#1

#4

First Author (Year)

#1

#4

#5

Zhang Y (2020)
Zhao Y (2020)
Bai Y (2021)

Li X (2020)
Zhuang XH (2019)
Dou Q (2019)
Wang L (2019)
Zhao H (2018)
Zhang Y (2017)
Cao Y (2017)
Luo J (2024)

He L (2021)
Jiang HW (2020)
Dong L (2020)
Qiu JJ (2020)
Yan H (2019)
Zhang L (2019)
Shu C (2018)

Lin J (2015)

*

*

*

DDA NNNNNNNN ®©o |4

Qiu JJ (2014)
Zhang F (2022)
Chen J (2021)
Wang S (2021)
Kim LK (2021)
Xu J (2020)
Guo JY (2020)
Park SA (2020)
Hao T (2020)
Wang D (2019)
Wang A (2018)
Yong W (2018)
Yan H (2018)
Chen Y (2018)
Chen Z (2018)
Liu H (2017)
Bai L (2017)
Sun Y (2015)

Selection: #1, #2, #3, and #4/Comparabili

ty: #5 and #6/Outcome: #7 and #8/T: total score

(5202 I, B, B) NG O NG, IO, 9, B2 BN, BN, O NS, G, BN, Be N I
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Fig. 2. (A) Risk of bias assessment via QUADAS-2 for included studies, low-risk (green), high-risk (red), and unclear (Yellow) for each domain,
including patient selection, index test, reference standard, and flow and timing. (B) Concerns regarding applicability.

seem symmetrical, and the correlation coefficient between the logit-transformed sensitivity and specificity was positive (r, 0.29),
implicating potential heterogeneity in the model. The Holling sample size adjusted I*> was 3.2-3.4 %. The log-likelihood for the
goodness-of-fit of the model was 22.21.
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TP Pos TN Neg Diagnostic Odds Ratio DOR [95%-Cl] Weight (Poor/Good ) Country ~ Study Sensitivity Proportion  95%-Cl Study Specificity Proportion 95%-Cl
circular RNA circular RNA
29 44 9 43  — 691(269,17.79] 56%  poor  China circ_100395 —— 0,677 [0.486;0.833]  circ_100395 0690 (0.492; 0.847)
0 19 2 216 0. 31 09% poor  China
0 19 30 2.26 0. 09%  poor  China IncRNA IncRNA
20 30 3 20 —— 976 (2 33%  poor  China  CCAT1 ——E— 0.824 [0655;0.932]  CCAT1 B — 0.789 [0.627; 0.904]
24 34 4 20 —E— 856(241:3042) 37%  poor  China  ADAMTS9-AS2 ——==— 0867 [0.595,0983]  ADAMT: 0688 (0.500; 0.839]
22 31 4 20 ——— 8.68(2.39;31.52)  3.6% poor China FLVCR1-AS1 A 0639 [0462;0.792)  FLVCR1-AS1 0.714 [0.419; 0.916]
16 24 8 23 & 3.54[1.09;11.48)  4.2% poor china RNA TC0101441 ——— 0.815 [0.619;0.937)  RNA TC0101441 —— 0.681 [0.529; 0.809]
miR488 14 40 6 18 — (034;330] 43%  poor  China  MAFGAST — 0677 [0.486;0.833]  MAFG-AS1 1+ 0636 [0.478;0.776]
Sando 3 208, 5 2 o A.07.[2.48; 8.81) 266 FAMB3H-AS1 —s— 0471 [0.298;0649)  FAM83H-AS1 —F 0.667 [0.490; 0.814)
HOTARR ——=— 0833 [0.626;0.953]  HOTAIR R 0.700 [0.535; 0.834]
DSCR8 0.750 [0.476;0.927]  DSCR8 0.611 [0.435; 0.769)
N Q786243 0632 [0.384;0.837)  DQ786243 0545 [0.234; 0.833]
CCAT1 2 % 6 % —=—  1573(502;,4928) 43 ot China  HOXDAST ] ) 0576 03920745 HOXD-AS1 0.800 [0445:0.976]
ADAAnEsASE is o5 3 g e = s {2 prd 53]3} B e: z‘;w cning  HOXB-AS3 —— 0643 (0.619:0.754]  HOXB-AS3 e 0574 [0.475; 0.669)
FLVCR1-AS1 2 2713 23 = 406(1121478) 36%  poor china  LINC-PINT 0879 [0718;0966]  LINC-PINT —_— 0.410 [0.256; 0.579]
RNA TC0101441 22 37 5 37 —— 8.58(2.6226.06] 4.5%  poor china LINC01969 0615 [0406;0.798)  LINCO1969 0.800 [0.519;0.957)
MAFG-AS1 21 37 10 38 —_— 354[1.36; 9.19] 55%  poor china E2F4as - 0.909 [0.757,0981)  E2F4as —a— 0.360 [0.252;0.479]
FAMB3H-AS1 16 28 18 42 —f—i 175(0.68; 453] 55%  poor china SNHG20 = 0905 [0.696;0988]  SNHG20 —— 0.513 [0.348; 0.676]
HOTAIR 20 32 4 32 e 10.39(3.07;35.11]  4.0%  poor china LncARSR T+ 0.615 [0.446;0.766]  LncARSR —'—— 0.622 )
DSCR8 12 26 4 26 — 4.31(1.22;15.25]  3.8% poor china Random nod <> 0.735 [0.661; 0.799] Random effects model L d 0.621 ]
DQ786243 2 17 7 13 — 197(046; 842) 30%  poor  china
HOXD-AS1 19 2114 22 . 457(096,21.88] 27%  poor  china
HOXB-AS3 45 9125 or = 240(130; 444 86%  poor  china microRN,
LINC-PINT 29 52 4 20 e 460(142,14.90) 42%  poor  china 0.763 [0.598;0.886]  ppir-216a — i 0,694 [0.546;0.817)
LINCO1969 16 19 10 22 —— 561(136,23.11) 32%  poor  china 0,000 [0.000; 0.336] 1,000 [0.832; 1.000)
?g ;g g 2 —— ggg {: 39“ ;Z ﬁ} gg: poor Kg!ea 0,000 [0.000; 0.336] 1,000 [0.839: 1.000]
e 91, 35. . poor  china 0.870 [0.664; 0.972) 2
2 3815 38 = 256(1.03; 638 58%  poor China 0.857 [0.673; 0.960) 32?2 {8‘332; 3;53:}
ctsmodel 600 2 < 4 [3.15; 6.25] 68.6% [0.651: 0.956) 0840, 10425, 6620]
0652 [0.427; 0.836]
) 0316 0.487)
A = circular RNA R 0.754 [0.5
circ_100395 21 30 10 30 S 442(152,1283) 48%  poor  china
Random effects model 835 745 * 450 [3.39; 5.99] 100.0% andom “""fm‘,“—,—L,z‘ 0716 [063%;0.788]  Random effects model 0.656 [0.585; 0.720]
Heterogeneity: I = 24%, v = 0.1457 [0.0000; 0.4816), 2, = 31.38 (§ =0.14) o 02 04 06 08
Test for overal effect: z = 10.36 (0 < 0.01) 01 0512 10 & ol 02 04 06 08 1
Test for subgroup differences: 3 = 0.02, df =2 (p = 0.99) DOR sensiy specificity
Heterogeneity:/* = 47%, ¢ = 0.7425, Heterogeneity: /* = 55%, 7* = 0.3930, 13, = 53.24 (p < 0.01)
Test for subgroup differences: 73 = 113, Testfor subgroup differences: 5 = 1.61, df = 2 (p = 0.45)

A B

Fig. 3. Univariate meta-analyses of ncRNAs in LNM. (A) Univariate forest plots for LNM show an overall DOR of 4.5 with no significant dif-
ference between subgroups (P = 0.99) (B) Univariate forest plots show sensitivity and specificity of 0.72 and 0.66, respectively.
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Fig. 4. Bivariate meta-analysis of ncRNAs in LNM. (A) Scatter plot of logit sensitivity and specificity shows low data dispersion (B) SROC for
bivariate meta-analysis shows an overall AUC of 0.72 (C) Ellipse plot for bivariate meta-analysis. (D) Deek’s funnel plot shows no publication bias.

3.5. Diagnostic accuracy of ncRNAs for TNM staging in OC
The total DOR was 5.69 in univariate analysis (95%CI, 3.26-9.94; P-value <0.0001), and the heterogeneity was low (%, 16 %; Q,

5.95; P-value, 0.31). The subgroup analysis for the type of the ncRNAs demonstrated no significant difference between subgroups (X2,
3.18; P-value, 0.07) with a DOR of 7.74 in the miRNA subgroup (95%CI, 4.18-14.35; P-value <0.0001) and 3.11 in the IncRNA
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Progr
DOR [95%-CI] Weight (Poor/Good ) Country

Heliyon 10 (2024) e35202

nCRNA TP Pos TN Neg Diagnostic Odds Ratio Study Sensitivity Proportion 95%-Cl  stuay Specificity Proportion 95%-Cl
circ_100395 8 3 2 30 - 4.31[0.95:19.59]  5.2% poor china circ_100395 ; 0.800 [0.444;0.975]  Girc 100395 0.560 [0.413; 0.700]
GircAGFG1 115 3 13 — 767[150,30.06] 48%  poor  China  CicAGFG1 0.786 [0492,0.953]  CirAGFG1 0714 [0.419: 0.916]
terogenei %, 7 =0, = 0.01 (p =0.93) olade b
FLVCRI-AST % 2712 23 E Eri 038[204:43.16) 52%  poor  china  TLYCRI-AS! 0.676 [0502;0820]  FLVCR1-AS1 — 0846 [0.546; 0.981]
LncRNA MEG3 94 166 64 146 - 167[107: 2611 117%  poor  china  LNORNAMEG3 —&— 0.595 [06140.672]  LncRNA MEG3 —= 0532 [0.450; 0.613]
DQ786243 19 21 — 953([1.56;58.41] 42%  poor china DQ786243 — 0.826 [0.612;0.950]  DQ786243 0.714 [0.290; 0.963]
GASS5 66 125 25 70 - 1.99[1.10; 3.63] 10.7% poor china GAS5 — 0725 [0.622;0.814]  GAS5 o 0.433 [0.336; 0.533]
LncARSR 24 38 13 38 — 319[126; 805] 84%  poor  China  LncARSR B E—— 0.649 [0.475;0.798]  LncARSR 0641 0472; 0.788]
- miR-18a — 0.846 [0.651;0956]  miR-18a 0.667 [0.447; 0.844]
miR-182 2 30 4 20 fe 971(263,36.88) 62%  poor  China : 3 ;
Mir-126 26 3 4 20 G 11433124184 62% poor  China  MI126 = 0.867 [0.693;0.962  Mir-126 0.667 [0.447; 0.844)
Wi i 31 o 5 e 163[99.6685 57%  poor  Ohina M489 S 0889 [0.708,0.976]  Mir-489 0708 [0.489; 0.874]
mir-26b 31 48 21 49 bt 239[1.06; 536] 9.2% poor china mir-26b 0.596 [0.451;0.730]  mir-26b 0.622 [0.465; 0.762]
miR-21a-5p 101 185 57 132 l= TS8[101 247) 11.7%  poor  china  MR-219a-5p — 0639 [0559;0.714]  miR-219a-5p e 0472 [0.392; 0.557]
miR-186.5p 69 114 22 81 —— 404[2.19; 745 108%  poor  china  MIR-196-5p —— 0.758 [0.657;0.842]  miR-196-5p 4 0567 [0.467; 0.664]
= 9.7 =i I

Random effects model = 0.726 [0.661;0.782]  Random effects model ~ 0.582 [0.516; 0.644]
Random effects model 864 < 3.86 [2.47; 6.03] 100.0%
Heterogeneity: I = 64%, ¥ = 0.3892 [0.0750; 1.4487], 52, = 33.80 (p £ 0.01)!
Tostfor overall efect: 2 = 5.94 (0 < 0.01) 01 0512 10 05 506 or 08 08 03504000 0E 07 0800
Testforsubgroup diferences: 4= 197, 6=2 (0 =037)  lower DOR._higher DOR sensivty s specifcy

Heterogeneity: 12 = 56%, 1% = 0.1385, 52, = 27.17 (p < 0.01) Heterogeneity: /2 = 48%, 1* = 0.0766, x, = 23.01 (p = 0.03)

Test for subgroup differences: x2 = 2.76, df = 2 (p = 0.25) Test for subgroup differences: 3 = 0.02, df = 2 (p = 0.99)

Fig. 5. Univariate meta-analysis of ncRNAs in DM. (A) Univariate forest plots for DM show an overall DOR of 3.86 with no significant difference
between subgroups (P = 0.37) (B) Univariate forest plots show sensitivity and specificity of 0.73 and 0.58, respectively.
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Fig. 6. Bivariate meta-analysis of ncRNAs in DM. (A) Scatter plot of logit sensitivity and specificity shows that the data are dispersed (B) SROC
for bivariate meta-analysis shows an overall AUC of 0.67 (C) Ellipse plot for bivariate meta-analysis. (D) Deek’s funnel plot shows presence of
publication bias.

subgroup (CI, 1.41-6.86; P-value <0.01). The forest plot for univariate DOR meta-analysis has been demonstrated in Fig. 7A. The
heterogeneity in both subgroups was low (2, 0 %; Q, 2.5; P-value, 0.47 for miRNA and %, 0 %; Q, 0.27; P-value, 0.60 for IncRNA). The
publication bias was low (P-value, 0.40), and Deek’s funnel plot is demonstrated in Fig. 8D. In univariate analysis, the overall
sensitivity was 76 % with moderate heterogeneity, and the overall specificity was 67 % with low heterogeneity, Fig. 7B.

The scatter plot of logit-transformed sensitivity and specificity demonstrated that the data are dispersed (Fig. 8A). Pooled effects of
0.75 (95%ClI, 0.65-0.84; intercept P-value <0.001; between studies SD, 0.43) and 0.67 (95%CI, 0.58-0.74; intercept P-value <0.001;
between-studies SD, 0.06) were observed for sensitivity and specificity, respectively. SORC and ellipse plots for the bivariate meta-
analysis have been shown in Fig. 8B and C, respectively. The overall AUC was 0.69 (95%CI, 0.63-0.83). Moreover, the overall
DOR, LR", and LR~ were 6.52 (95%CI, 3.27-11.60), 2.29 (95%CI, 1.79-3.01