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Background: To evaluate the clinical value of microRNA (miR) and circulating tumor RNA (ctDNA) in 
the diagnosis of epithelial ovarian cancer (EOC) by meta-analysis and indirect comparison based on common 
reference criteria. 
Methods: The PubMed, EMBASE, MEDLINE, Cochrane Library, Chinese biology medicine (CBM), 
China national knowledge infrastructure (CNKI), Wanfang, and Chinese Weipu (VIP) databases were 
searched by computer. The retrieval time limit was from the date of establishment of the database to 
September 2020. Two researchers independently screened the literature and extracted the basic data 
according to the inclusion and exclusion criteria formulated in advance, and evaluated the literature quality 
according to the quality assessment of diagnostic accuracy research (quadas-2). The Meta disc 1.4 and 
Stata 12.0 software programs were used for meta-analysis to calculate the combined sensitivity, combined 
specificity, combined positive likelihood ratio, combined negative likelihood ratio and combined diagnostic 
odds ratio (DOR). The summary receiver operating characteristic (SROC) curve was drawn using Revman 
5.3 software, and the stability of the results was evaluated by sensitivity analysis. The publication bias was 
evaluated by Deek’s funnel asymmetric test. The relative diagnostic odds ratio (RDOR) results of indirect 
comparison between microRNA and ctDNA were obtained using R software. 
Results: Nineteen articles were included, including a total of 1,351 EOC patients and 1,194 controls. The 
heterogeneity test showed that there was obvious heterogeneity caused by non-threshold effect. The random 
effects model was used for meta-analysis of microRNA in the diagnosis of EOC. The results showed that 
there was no significant difference between microRNA and ctDNA in the accuracy of EOC diagnosis. The 
asymmetric test of Deek’s funnel chart showed that there was no significant publication bias. 
Discussion: There are some limitations in this study, there is no blind diagnostic test, and the intensity of 
indirect comparison evidence is lower than that of direct comparison evidence. The accuracy of diagnostic 
tests and the imperfection of mesh meta-analysis statistical methods. MicroRNA and ctDNA have similar 
clinical diagnostic value for EOC. 
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Introduction

Over the past decade, the incidence and mortality rates of 
ovarian cancer have increased significantly (1). According to 
statistics, approximately 22,240 patients in the United States 
were diagnosed with invasive epithelial ovarian cancer 
(EOC) in 2013, of which about 14,000 patients with EOC 
died (2). EOC is the most common histopathological type 
of ovarian cancer, accounting for about 80–90%, which is 
the highest among all gynecological malignancies (3). Since 
the early symptoms of EOC are hidden, as well as atypical 
and lack of effective early diagnostic indicators, most 
patients are not diagnosed until later stage. In addition, the 
recurrence of the disease and drug resistance significantly 
reduce the survival rate of patients with advanced EOC. 
In the early stage of EOC, the mass is limited to the ovary, 
and the patients are more likely to be cured completely. 
Therefore, biomarkers that can screen and diagnose EOC 
in the early stage are urgently needed to improve the overall 
survival rate.

In recent years, the detection of molecular biological 
tumor markers has played an important role in the 
diagnosis of many malignant tumors. It has been found that 
microRNAs play an important role in regulating biological 
processes such as cell growth, apoptosis, metastasis, drug 
resistance, and invasion of ovarian cancer (4). At present, 
numerous studies have reported that peripheral blood 
circulating microRNAs have potential diagnostic value for a 
variety of tumor-related diseases; however, their diagnostic 
value for EOC remains unclear. This is mainly because 
the research design, tumor histopathological classification, 
sample type, microRNA type, detection method, and other 
factors are not exactly the same, resulting in an inconsistent 
diagnostic value for EOC. In addition to microRNAs, 
multiple studies have confirmed that ctDNA can be used 
as a marker for tumor dynamic monitoring (5). ctDNA is a 
single stranded or double stranded DNA fragment existing 
in the peripheral blood of tumor patients, and its molecular 
biological characteristics are still unclear. In addition to 
oncogene mutations, ctDNA also carries a variety of other 
tumor related molecular features, such as methylation 
changes, loss of heterozygotes and tumor derived viral 
gene sequences. In addition, the biological characteristics 
of ctDNA include: (I) the length of ctDNA is shorter than 
that of normal circulating free DNA, less than 150 bp; (II) 
the proportion of ctDNA in cfdna can be as low as 0.01%, 
up to more than 90%; (III) the main sources of ctDNA are 
as follows: apoptotic and necrotic tumor cells, surviving 

tumor cells and circulating tumor cells; (IV) short half-life: 
about 2 hours. These studies have shown that compared 
with the traditional tumor marker CA125, the detection of 
individualized ctDNA markers in EOC patients can be used 
to detect tumor residual lesions and dynamically predict 
the treatment effect (6). CA125 and HFA are important 
indicators for post-treatment monitoring of ovarian cancer. 
Studies have shown that the concentration of ctDNA 
in patients with ovarian cancer decreases gradually after 
operation. The area under the working characteristic curve 
(AUC) is 0.917 and the sensitivity is 88.9%. The AUC and 
sensitivity are higher than CA125 (0.724, 75%) and HE4 
(0.743, 80.6%). The high level of ctDNA in patients with 
ovarian cancer before chemotherapy and recurrent ovarian 
cancer may be caused by residual tumors, CtDNA may be 
an ideal biomarker to monitor the progression and predict 
the prognosis of ovarian cancer.In the clinical diagnosis 
of EOC, clinicians are faced with the problem of how to 
choose the best diagnostic method. At present, although 
many clinical studies have used postoperative histopathology 
as the gold standard to evaluate the diagnostic value 
of microRNA and ctDNA in EOC, there has been no 
comparison between them. At present, many studies have 
reported the potential diagnostic value of miRNA and 
ctDNA in esophageal cancer, head and neck cancer, gastric 
cancer, endometrial cancer and other tumors. However, its 
value in the diagnosis of ovarian cancer is not clear. Due to 
the different research design, specimen type, miRNA and 
ctDNA, the results are not consistent, and different research 
conclusions are not completely consistent. Based on this, 
under the condition of insufficient direct comparative study 
evidence of microRNA and ctDNA detection, this study 
makes use of histopathological examination to conduct an 
indirect comparison of the diagnostic value of microRNA 
and ctDNA for EOC. The results are reported as  
follows.

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-2609).

Methods

Literature retrieval strategy and data source

Search strategy
Based on the target disease, the diagnostic test to be 
evaluated, and the diagnostic accuracy index, the search 
terms were formulated and combined with free words. 
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Finally, the Chinese search words were ovarian cancer, 
epithelial ovarian cancer, ovarian tumor, ovarian malignant 
tumor, epithelial ovarian malignant tumor, free DNA, 
circulating tumor DNA, cell free DNA, peripheral blood 
circulation DNA, peripheral blood circulation microRNA, 
microRNA, Mi-RNA, microRNA, diagnosis, sensitivity, 
specificity, sensitivity, and specificity. The English search 
terms were “epithelial oval cancer”, “carcinoma oval epic”, 
“epithelial carcinoma”, “oval cancer”, “circulating tumor 
DNA”, “tumor DNA”, “cell free tumor DNA”, “cell free 
tumor DNA”, “cell free nuclear acids”, “nuclear acids”, 
“circulating cell free nuclear acids”, “cfdna”, “cirdna”, 
“miRNA”, “microRNA”, “diagnoses”, “sensitivity”, and 
“specificity”.

Data sources
We performed a literature search of the PubMed, 
EMBASE, MEDLINE, the Cochrane Library, Chinese 
Biology Medicine (CBM), China National Knowledge 
Infrastructure (CNKI), Wanfang, and Chinese Weipu (VIP) 
databases. The retrieval time limit was from the date of 
establishment of the database to September 2020, and the 
languages were Chinese and English. At the same time, 
other relevant documents were searched manually, and 
the references included in the documents were tracked to 
supplement and obtain more documents.

Literature inclusion, exclusion criteria and diagnosis

The literature inclusion criteria were as follows: (I) study 
type: diagnostic test to study the diagnostic accuracy 
of EOC with histopathological examination as the 
gold standard; (II) study object: after histopathological 
examination, the tissue type was clearly EOC patients, 
and the control type as clear, without limitation on age, 
etiology, or race; (III) diagnostic test method: the expression 
of microRNA or ctDNA in peripheral blood circulation 
studying the diagnostic value for EOC; and (IV) outcome 
indicators: combined sensitivity, combined specificity, 
combined positive likelihood ratio, combined negative 
likelihood ratio, combined diagnostic odds ratio, as well as 
construction of a summary receiver operating characteristic 
(SROC) curve and calculating the area under curve (AUC). 
Relative diagnostic odds ratio (RDOR) result of indirect 
comparison between ctDNA and microRNA.

The literature exclusion criteria were as follows: (I) the 
case group was patients with malignant tumors of other 
tissues and organs, and the control group was the study of 

recurrent or metastatic ovarian cancer; (II) the included 
cases were patients with ovarian cancer, but the EOC 
four grid table data could not be obtained; (III) the study 
of qualitative analysis based on ctDNA methylation; (IV) 
studies with incorrect data, unable to obtain four-grid table 
data or research with incomplete data; and (V) repeated 
research, duplicate publication, and repeated collection of 
research conducted by the same author or research unit on 
the same population.

Diagnosis with miR and ctDNA for EOC: mainly 
include real-time PCR (RT-PCR), digital PCR (dPCR) and 
next generation sequencing (NGS).

Literature screening, data extraction, and quality 
evaluation

One author independently screened and extracted the data 
by reading the literature one-by-one. The literature included 
by both sides was simultaneously evaluated by the quality 
of diagnostic accuracy study (quadas-2). The second author 
of this paper decided whether to include literature that had 
differences and was difficult to determine whether it satisfied 
the inclusion criteria. The extracted data mainly included the 
first author, country where the research object was located, 
number of cases in the experimental and control groups, 
age of study subjects, microRNA and ctDNA sample type, 
microRNA, ctDNA detection method and microRNA 
content type, cut-off value, four grid table data, true positive 
(TP), false positive (FP), false negative (FN), and true 
negative (TN). The risk of bias was evaluated using the 
quadas-2 tool. All studies were evaluated independently by 
the two authors, and the results were consistent.

Statistical method 

Meta-disc1.4 software (The Ramóny Cajal Hospital in 
Madrid, Spain) was used for meta-analysis to analyze 
the threshold effect between the studies of microRNA 
and ctDNA, and the Spearman correlation coefficient 
between the logarithm of sensitivity and the logarithm 
of “1-specificity” was tested, indicating the existence of a 
threshold effect with P<0.05. The heterogeneity among 
the studies was analyzed by Meta-disc1.4 software, and 
the diagnostic odds ratio (DOR) was calculated. The 
Cochran-Q value and I2 value were used to test the 
heterogeneity. P>0.05 and I2≤50% indicated that there was 
no statistical heterogeneity, and the fixed effects model was 
used to merge the effect quantity. However, P<0.05 and 

R E T R A C T E D



5375Translational Cancer Research, Vol 10, No 12 December 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(12):5372-5382 | https://dx.doi.org/10.21037/tcr-21-2609 

I2>50% indicated that there was statistical heterogeneity, 
and the random effects model was used to merge the effect 
quantity, including merge sensitivity, merge specificity, 
merge positive likelihood ratio, merge negative likelihood 
ratio, and merge DOR. “netmeta” of R software (Parametric 
Technology Corporation, USA) was used to calculate 
the area under the SROC curve (AUC). The installation 
package displayed the DOR results of indirect comparison 
of microRNA and ctDNA. This study is an indirect 
comparison of microRNA and ctDNA based on the gold 
standard of histopathological diagnosis. It belongs to the 
star mesh meta-analysis in the mesh meta type, which 
meets the similarity conditions, and there is no data for 
direct comparison, so there is no need for consistency 
test. When the confidence interval of the RDOR result 
contains 1, it indicates that the difference between the 
two diagnostic tests is not statistically significant. If A vs. 
B; when RDOR >1 and the confidence interval does not 
include 1, the diagnostic value of A is greater than that of B. 
Alternatively, when RDOR <1 and the confidence interval 
does not include 1, the diagnostic value of A is smaller than 
that of B, suggesting that the difference between the two 
diagnostic tests is statistically significant. Meta regression 
was used to analyze the source of heterogeneity, and Stata 
12.0 software was used to draw the asymmetry of the Deek’s 
funnel test and evaluate whether there was publication bias. 
The difference was statistically significant when P<0.05, 
indicating that there was publication bias.

Results

Literature search results and basic information of included 
literature

A total of 554 literatures were obtained through preliminary 
screening, and six additional articles were obtained through 
follow-up references. Firstly, 359 duplicate literatures 
that were included in different databases were excluded. 
Secondly, 158 articles were excluded after reading titles and 
abstracts. Also, after reading the full texts of the remaining 
articles, the case reports, clinical symptom analyses, reviews, 
and abstracts of meeting contents where the full text could 
not be obtained were screened according to the inclusion 
criteria (7). Finally, 19 articles were included (see Figure 1). 
There were 11 original studies on the diagnosis of EOC by 
microRNA detection (three in Chinese and eight in English, 
with 842 patients in the EOC group and 643 subjects in the 
control group). There were also eight original articles on 

the diagnosis of EOC by ctDNA detection (3 in Chinese 
and 5 in English, with 509 patients in the EOC group and 
551 subjects in the control group). Taken together, a total of 
1,351 patients with EOC and 1,194 controls were included 
in this study (see Tables 1,2 for basic data).

Literature quality evaluation and bias risk evaluation were 
included

During the evaluation process, it was found in the case 
selection section that there were 2 consecutive articles 
included in the case (8,18); one literature included ovarian 
cancer patients with non-EOC tissue type (21); all literatures 
were case-control studies; all of the cases included in the 
original literature were confirmed by histopathological 
examination. Therefore, the 19 articles were evaluated as 
“low inapplicability consideration”. Among the diagnostic 
tests to be evaluated, seven articles had no cut-off value, 
which were evaluated as “high inapplicability consideration” 
in the consideration of applicability. Three articles in the 
gold standard did not clearly describe the histopathological 
types of the EOC cases, so the bias risk assessment was 
“unclear”; one article included ovarian cancer patients with 
non-EOC, which was evaluated as “high inapplicability 
consideration” in the consideration of applicability. We set 
the time range ≤3 years as the appropriate time interval, 
and there were no lost visits or missing cases in all of the 
original studies. The bias risk assessment and applicability 
judgment were carried out using the quadas-2 tool, and the 
results are shown in Figure 2.

Meta-analysis results 

The Spearman correlation coefficients of microRNA and 
ctDNA in the diagnosis of EOC were 0.406 (P=0.068) and 
0.095 (P=0.823), respectively, suggesting that there was no 
threshold effect in the quantitative evaluation, and thus, 
the random effects model was used for meta-analysis. The 
combined analysis results of each diagnostic test compared 
with the gold standard were as follows. Firstly, the meta-
analysis results of microRNA in the diagnosis of EOC 
showed that the combined sensitivity was 0.74 (95% CI: 
0.72–0.76), the combined specificity was 0.82 (95% CI: 
0.80–0.84), and the combined positive likelihood ratio was 
4.62 (95% CI: 3.35–6.38), the combined negative likelihood 
ratio was 0.24 (95% CI: 0.17–0.35), the combined DOR 
was 21.62 (95% CI: 13.57–34.44), and the AUC was 0.894. 

The meta-analysis results of ctDNA in the diagnosis of 
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Figure 1 Flowchart of literature inclusion and exclusion.

In
cl

ud
ed

S
cr

ee
ni

ng

Identification of studies via databases and registers

Id
en

tif
ic

at
io

n
Records identified from*:

(total: 560)

PubMed =135

EMbase =86

Medline =64

CochraneLibrary =58

CBM =73

CNKI =68

Wanfang =25

VIP =51

Records removed before screening:

Duplicate records removed 

automatic by Endnote X9 (n=359)

Records excluded** (total: 158)

A) Not an RCT study (n=103)

B) Unclear pathological tissue (n=29)

C) Recurrence or metastasis (n=26)

Reports not retrieved

(n=0)

Reports excluded: (n=24)

A) No outcome (n=7)

B) Data not retrieved (n=11)

C) Data not  converted (n=6)

Studies screened

(n=201)

Studies sought for retrieval

(n=43)

Studies included in meta-

analysis (n=19)

Studies assessed for eligibility

(n=43)

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched 
(rather than the total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were 
excluded by automation tools.
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EOC showed that the combined sensitivity was 0.76 (95% 
CI: 0.72–0.80), the combined specificity was 0.86 (95% CI: 
0.83–0.89), the combined positive likelihood ratio was 5.81 

(95% CI: 3.60–9.38), the combined negative likelihood 
ratio was 0.29 (95% CI: 0.21–0.41), the combined DOR 
was 22.61 (95% CI: 13.27–38.52), and the AUC was 0.884. 
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The area under the SROC curve of EOC diagnosed by 
microRNA and ctDNA was the same (as shown in Figure 3).

RDOR results of indirect comparison between 
microRNA and ctDNA in diagnosing EOC
Taking histopathological (his) examination as the common 
diagnostic standard, the RDOR value of microRNA vs. 
ctDNA was 0.95 (95% CI: 0.42–2.14) (confidence interval 
includes 1), and the RDOR value of ctDNA vs. microRNA 
was 1.05 (95% CI: 0.47–2.37) (confidence interval includes 
1). This suggested that there was no significant difference 
between microRNA and ctDNA in the diagnostic accuracy 
of EOC (see Figure 4).

Heterogeneity test 
The results of the heterogeneity test caused by the non-

threshold effect showed that the corresponding Cochran-Q 
=14.06 (P=0.0501>0.05) and I2=50% in eight articles included 
in ctDNA diagnosis of EOC. There was no statistical 
heterogeneity among studies based on the P value. The 
corresponding Cochran-Q =74.88 (P=0.0000) and I2=73.7% 
in 11 literatures included in microRNA diagnosis of EOC. 

Meta regression analysis was conducted according to the 
following factors to determine the source of heterogeneity: 
region (divided into “China Group” and “foreign group”); 
detection method (divided into “qRT-PCR group” and 
“qPCR group”); cut off value (divided into “cut off value 
group” and “no cut off value group”); case type (divided 
into “EOC tissue type clear group” and “EOC tissue type 
unknown group”); and sample type (divided into “serum 
group” and “plasma group”). Meta regression analysis found 
no causes of heterogeneity; however, the heterogeneity 
decreased after excluding the two studies with “plasma” 
sample type.

Sensitivity analysis and publication bias
Articles with significantly different results or those with 
large sample sizes included in the microRNA and ctDNA 
diagnosis of EOC were removed, and meta-analysis was 
carried out again. The results of the two diagnostic tests 
showed no significant changes, indicating that the research 
of the two diagnostic tests was stable and the results were 
reliable. The literature included in the two diagnostic tests 
was tested by linear regression method to check whether 
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there is publication bias, and the Deek's funnel chart was 
drawn. The slope coefficient results of 21 microRNAs 
included in 11 articles including microRNA was P=0.563, 
without obvious publication bias. The slope coefficient of 
eight literatures including ctDNA was P=0.329, without 
obvious publication bias (see Figure 5).

Discussion

In recent years, molecular biological tumor markers such 
as microRNA and ctDNA have been increasingly used 
in the diagnosis of malignant tumors (4). Whether the 
diagnostic efficacy of molecular biological tumor markers 
for ovarian cancer is better than that of traditional serum 
tumor markers (CA125 and HE4) has become a research  
hotspot (23). In this paper, a systematic meta-analysis 
of the 19 included articles (7-25) was carried out to 
comprehensively evaluate the diagnostic test that uses 
histopathological examination as a reference standard to 
study the diagnostic accuracy of EOC. The diagnostic 
effect of microRNA and ctDNA on EOC was evaluated by 

calculating the combined diagnostic effect, fitting the SROC 
curve, calculating the RDOR results of indirect comparison, 
and drawing the adjusted indirect comparison forest map. 
The heterogeneity among the diagnostic tests included in 
the diagnosis of EOC by microRNA was explored by meta 
regression analysis. Finally, the reliability of this study was 
evaluated by sensitivity analysis and detection of publication 
bias. 

The results showed that the sensitivity, specificity, 
combined DOR, and AUC of microRNA in the diagnosis 
of EOC were 0.74, 0.82, 21.62, and 0.894. Meta regression 
analysis did not find the cause of heterogeneity, but the 
difference between sample types increased the heterogeneity 
between various studies. For ctDNA diagnosis, the 
sensitivity, specificity, combined DOR, and AUC of EOC 
were 0.76, 0.86, 22.61, and 0.884, and the diagnostic 
efficiency was slightly lower than that of microRNA. We 
used Revman5.3 software to present the SROC curves of the 
two diagnostic tests in the same graph. The results showed 
that the AUC of microRNA for EOC almost overlapped 
with the AUC of ctDNA, suggesting that the diagnostic 

Figure 4 Indirect comparison of microRNA and ctDNA in diagnosing EOC. ctDNA, circulating tumor RNA; EOC, epithelial ovarian 
cancer.
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accuracy of these two markers was similar. However, this 
chart can only be used for intuitive descriptive analysis 
without quantitative comparison. Therefore, we took 
histopathological examination as the common diagnostic 
standard and conducted an indirect comparison between 
microRNA and ctDNA by calculating the RDOR value 
between them. The RDOR value adjustment indirect 
comparison forest chart showed that the difference between 
the two is not statistically significant.

At present, there are considerable difficulties associated 
with the use of molecular tumor markers for pan-cancer early 
screening (14). For example, it is impossible to locate the 
organs of the detected positive results because most of the 
mutations of proto-oncogenes and tumor suppressor genes 
are not tissue-specific, and are related to the occurrence 
and development of a variety of cancers. In addition, a large 
number of non-pathogenic gene mutations are also carried 
in normal humans, and with aging, the number of mutations 
will also increase. Cancer screening technology needs to 
be able to select cancer-related gene mutations from non-
pathogenic somatic gene mutations. The most fundamental 
need is a baseline of mutation data from an asymptomatic 
population, which can be used as a comparison standard to 
obtain accurate identification and localization of cancer-
related mutations (26). Therefore, more relevant studies 
are needed for in-depth analysis in order to improve on 
traditional serum tumor markers, and encourage widespread 
clinical use in tumor diagnosis and treatment.

ctDNA related biopsy has the advantages of noninvasive, 
high sensitivity and specificity, real-time and comprehensive 
information. It has broad clinical application prospects in 
early diagnosis, condition monitoring, prognosis evaluation, 
drug resistance monitoring and medication guidance of 
ovarian cancer. However, the application of ctDNA in 
clinic has the following limitations: (I) lack of standardized 
ctDNA extraction and detection technology; (II) there are 
deficiencies in the clinical research of liquid biopsy in ovarian 
cancer (27). Nevertheless, the research and application 
prospect of ctDNA in ovarian cancer is still worthy of our 
exploration and discovery, which will take the most solid 
step for mankind to finally overcome cancer.

There are some limitations in this study that should 
be noted. Firstly, the 19 included studies did not utilize 
the blinding method for diagnostic test detection, and the 
sample sizes of some studies were small. Furthermore, the 
strength of indirect comparison evidence is lower than that 
of direct comparison. At the same time, due to the accuracy 

of the diagnostic test and the imperfect statistical method 
of mesh meta-analysis, the results of this paper failed to 
provide the similarity results and overall heterogeneity 
between the included studies. Therefore, more reasonable 
and reliable conclusions also need to rely on the accuracy of 
diagnostic tests, the development and maturity of statistical 
methods of mesh meta-analysis and the development of 
related software.
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