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Abstract

Dysregulated microRNAs in plasma have been
associated with cancer and the most broadly applied
method for miRNA expression analysis is stem-loop
quantitative reverse transcription PCR (RT-gPCR).
However, the diagnostic role of stem-loop RT-gPCR-
based plasma microRNA profiling remains uncertain
in cancer. This meta-analysis aimed to assess the
effectiveness of this method in diagnosing cancer. A
comprehensive search was conducted through the
PubMed, EMBASE and ScienceDirect databases to
collect the relevant studies. Each eligible study was
assessed for bias risk using QUADAS-2. By estimation
of the pooled sensitivity, specificity, diagnostic odds
ratios (DOR) and area under the receiver operating
characteristic curve (AUC), the diagnostic accuracy of
stem-loop-based plasma miRNA was measured in
cancer. All measurements were estimated using R
statistical software version 4.1.3.

127 studies from 41 articles, comprising of 10,218
cancer patients and 8,990 controls, were included in
the diagnostic analysis data. The overall sensitivity,
specificity and DOR were 0.77, 0.79 and 11.44
respectively. The stem-loop RT-gPCR-based plasma
miRNA profiling yielded very good accuracy with 0.81
AUC; especially, the plasma miRNA panel showed
excellent accuracy (AUC = 0.91) for distinguishing
cancer patients from healthy individuals. Substantial
heterogeneity and publication bias were observed in
this study. Using stem-loop RT-gPCR, plasma miRNA
profiling, especially miRNA panels, serves as a
potential method for diagnosing cancer.

Keywords: Plasma microRNAs, diagnostic accuracy, stem-
loop RT-gPCR, cancer detection, meta-analysis.

Introduction

Cancer has been the most dangerous disease in the world for
several decades, accounting for approximately one in every
six fatalities in 2020%. Detecting cancer early is important
for improving survival rates?®. Although pathology and
imaging examination-based cancer detection could provide
essential information for prognosis and treatment®?, invasive
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procedures, late-stage diagnosis, or radiation-related aspects
limit their application*®. Hence, efforts should be made to
develop novel, sensitive and minimally invasive approaches
for early cancer detection.

MicroRNAs (miRNA) are short single-stranded, non-coding
RNA molecules that play a significant role in regulating cell
cell differentiation, proliferation and death®®. About 50-60%
of mMRNAs are reported to be controlled by miRNA
expressiont® and its dysregulation has been related to the
development and progression of several human cancer
types®®. Tumor-derived miRNAs have also been found in
plasma and changes in the plasma miRNA profile are linked
to enhanced and altered expression in cancer cells*+6%74,
indicating the significance of mMiRNAs as potential
minimally invasive biomarkers in diagnosing early cancer.

To date, quantitative reverse transcription polymerase chain
reaction (RT-qPCR) is a gold standard for detecting
circulating  miRNA with sensitivity, specificity and
robustness®?, allowing detection in low amounts of miRNAs
that exist in plasma. Among gPCR-based methods, stem-
loop RT-gPCR is the most extensively applied for mature
miRNA expression analysis because of its ability to
distinguish mature miRNA from pri-miRNA and pre-
miRNA as well as to differentiate closely related mature
miRNAs with differences as small as one nucleotide®? while
detecting a broad dynamic range of miRNA expression.
Therefore, increasing research and medical diagnoses have
used the stem-loop RT-gPCR method for plasma miRNA
analysis in diagnosing cancer.

Although promising results were shown in previous studies,
the diagnostic performance of stem-loop RT-gPCR-based
plasma miRNA profiling remains uncertain. The use of
plasma as a specimen type creates the risk of affecting
miRNA profiling due to components contained in
plasma?’#2. In addition, there are inconsistencies and
discrepancies across studies on a certain cancer type and
different cancer types as well. For instance, plasma miR-21
levels identify NSCLC patients from non-cancer individuals
with high specificity and sensitivity’*. Others found no
correlation between expression level of miR-21 and
clinicopathologic features of patients with NSCLC#6:63,

Furthermore, there is a substantial difference in the
diagnostic accuracy of miR-21 for colorectal cancer®,
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NSCLC*, hepatocellular carcinoma® and lung cancer?.
Moreover, these studies have focused on a small number of
pre-selected miRNAs with sample size limitations. The
diagnostic ability of plasma miRNAs in cancer, therefore,
needs to be assessed beyond the limitations of individual
studies. In the present study, we validate the overall
diagnostic performance of stem-loop RT-gPCR-based
plasma miRNA profiling based on published case-control
studies for cancer.

Material and Methods

Search strategy: Based on the preferred reporting items for
a systematic review and meta-analysis of diagnostic test
accuracy studies (PRISMA-DTA) guidelines®®, we carried
out this study. The two investigators independently searched
the PubMed, EMBASE and ScienceDirect databases to
retrieve studies that used stem-loop RT-gPCR to profile
plasma miRNA in cancer. The last search was on September
17, 2022, using the terms ("miRNA" OR "microRNA" OR
"hsa-miR"™) AND ("diagnosis™ OR "diagnostic" OR "test"
OR "assay") and (“"cancer" OR "neoplasm™ OR "carcinoma"
OR "malignance” OR "tumor") and "plasma." Further
optimization of terms across different databases was used,
with no restriction on publication status.

Inclusive and exclusive criteria: The inclusive criteria for
studies included in the meta-analysis were set as follows: (i)
miRNAs were investigated in any type of cancer; (ii)
applying the stem-loop RT-gPCR method for measuring;
(iii) expression levels of miRNAs were quantified in plasma
for diagnostic accuracy analysis; (iv) all cancer patients were
examined pathologically; (v) controls were cancer-free
before; (vi) sensitivity, specificity and the total number of
cancer patients and controls were clear to evaluate for
diagnostic accuracy. Studies were removed if they exhibited
the following exclusive criteria: non-English studies,
duplicated publications, other types of studies such as
reviews, meta-analysis studies and case reports or letters;
studies on animals; studies with insufficient data.

Data extraction and quality assessment: We extracted the
following information from each included study: (i) first
author name, publication year and country of origin; (ii)
sample size (cases and controls); (iii) miRNA profile; (iv)
measurement method used in stem-loop RT-gPCR; (V)
reference control; (vi) type of cancer and (vii) true positive
(TP), false positive (FP), false negative (FN) and true
negative (TN). Each eligible study was examined for risk of
bias using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) framework® and the results were
analyzed by Review Manager Software version 5.4.1. Four
domains were evaluated by answering 14 questions about
patient selection, index test, reference standard and flow and
timing.

The risk of bias was then rated as "low," "high," or "unclear"

when questions were answered as "yes," "no," or "unclear"”
respectively. Two reviewers independently performed the

https://doi.org/10.25303/208rjbt074090

Vol. 20 (8) August (2025)
Res. J. Biotech.

data extraction and quality assessment of the included
studies and disagreements were resolved through consensus.

Statistical analysis: We used measurements including the
pooled SENS and SPEC, positive and negative likelihood
ratios (PLR and NLR), diagnostic odds ratio (DOR),
summary receiver operating characteristic (SROC) and area
under the curve (AUC), to evaluate the diagnostic accuracy
of stem-loop RT-gPCR-base plasma miRNA for cancer.
The heterogeneity across studies was tested using the
Cochran-Q test and I? statistics. When the p-value for the Q
test was less than 0.10 or the 12 value was greater than 50%,
heterogeneity was assumed to exist?® and a random-effects
model was applied for analysis; otherwise, the fixed-effects
model was employed.

To investigate possible causes that lead to significant
heterogeneity, we evaluated the threshold effect and
subgroup analysis. The threshold effect was tested based on
Spearman’s correlation coefficient between sensitivity and
specificity*®, while the possible differences in the diagnostic
measurements were detected based on cancer type, miRNA
profiles, ethnicity, the measurement method used in the
stem-loop RT-gPCR and normalizer type. The potential
publication bias was evaluated using Egger's regression test
and a funnel plot based on the trim-and-fill method. Finally,
the stability of the result was assessed using a sensitivity
analysis by sequential elimination of individual studies. All
statistical analyses in this meta-analysis were implemented
using R version 4.1.3 and the meta, mada and metafor R
packages.

Results

Study identification: The process of comprehensive
literature identification is illustrated in fig. 1. A total of
11,315 articles were retrieved from PubMed, EMBASE and
ScienceDirect databases and then 3,620 duplicate records
were automatically eliminated after importing all the articles
into EndNote X9. Additionally, the manual checking
procedure excluded 326 duplicates. Another 63 articles were
eliminated because they were written in a language other
than English. Then, the remaining articles were screened by
title and abstract; we excluded 3,570 articles, of which 1,397
were reports, reviews, meta-analysis studies and letters and
2,173 were about non-connection to miRNAs or other
diseases or based on animal models.

After reviewing 3,736 full-text articles, 3,695 were further
excluded because they did not use stem-loop RT-gPCR for
miRNA profiling, were performed on samples other than
plasma, or had insufficient data. Finally, 41 articles!413-1521-
24,26,29,30,32,34,36-38,44,46-51,54,55,57,60,61,63,64,66,68,70-73,75 were

enrolled in the meta-analysis.

General characteristics of eligible studies: The
characteristics of 41 eligible articles are presented in table 1.
All the articles included were published between 2005 and
2020. These articles comprised of 127 studies that used
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stem-loop RT-gPCR for relatively quantifying miRNA
expression in plasma, with 10,218 cancer patients and 8,990
healthy individuals (Supplementary table 1) stratified by
Caucasians (69 studies) and Asians (58 studies). While 106
studies applied single-miRNA assays for cancer detection,
only 21 studies analyzed the diagnostic potential of panel-
miRNA assays in cancer. Of 127 studies, the Tagman
miRNA assay was applied for miRNA profiling in 99
studies; 25 studies were about the SYBR-green miRNA
assay and three others were not measured by the method
available. Their sources included breast cancer (BC) (5
studies), hepatocellular carcinoma (HCC) (24 studies), Non-
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Small Cell Lung Cancer (NSCLC) (13 studies), lung cancer
(LC) (38 studies), colorectal cancer (CRC) (9 studies),
gastric cancer (GC) (14 studies), Malignant Pleural
Mesothelioma (MPM) (1 study), osteosarcomas (OS) (1
study), head and neck squamous cell carcinoma (HNSCC)
(1 study), pancreatic cancer (PC) (4 studies), nasopharyngeal
carcinoma (NPC) (2 study), esophageal squamous cell
carcinoma (ESCC) (3 studies), extramedullary myeloma
(EMM) (1 study), cervical cancer (CC) (1 study), multiple
myeloma (MM) (1 study), chronic myeloid leukemia (CML)
(2 study), oral cancer (OC) (3 study), prostate cancer (PCa)
(2 study) and medullary thyroid carcinoma (MTC) (2 study).

Table 1
General information about the eligible studies for meta-analysis

First author, year Country | miRNA profile Case/ Measurement | Reference Cancer
[Ref] control method controls type
Amr K S, 2019! Egypt miR-155, miR-10b 30/30 Tagman RUNGB BC
Meihong Lu, 201736 China | miR-127-3p 102/90 SYBR green U6 BC
Zeng RC, 2013 70 China miRNA-30a, miR-122 100/64 SYBR green miR-16 BC
Zanxi Fang, 2015 China miR-24, miR-320, miR-423-5p 111/43 SYBR green Cel-miR-39 CRC
Leping Li, 2015 %° China | miR-29b 200/400 Tagman U6 CRC
Xu L, 2014 %6 China miR-375 88/40 TagMan U6 CRC
Xing-xiang Pu, 2010 %0 China miR-221 103/37 SYBR green NR CRC
A. A. Sazanov, 2016 > Russia | miR-21 31/34 SYBR green U6 CRC
Sun'Y, 2016 % USA miR-96 187/47 NR Cel-miR-39 CRC
Simonas J, 2015 % Lithuanin | miR-148a-3p, miR-375, miR- 38/39 Tagman miR-16-5p GC

223-3p
Zhu C, 2014 7 China miR-16, miR-25, miR-92a, miR- 88/142 TagMan Cel-miR-39 GC

451, miR-486-5p
Jong-Lyul Park, 20154 | Korea | miR-27a 20/20 TagMan U6 GC
Pegah Parvaee, 2019 #° Iran miR-107, miR-194, miR-210 50/50 SYBR green u47 GC
Paola Mozzoni, 2013 46 Italy miR-21, miR-486 54/46 TagMan miR-16 NSCLC
Wei J, 2011 63 China miR-21 63/30 SYBR green miR-16 NSCLC
Wanshuai Li, 2015 32 China | miR-486, miR-150 11/11 Tagman Cel-miR-39 | NSCLC
Zhang H, 2016 ™ China | miR-145, miR-20a, miR-21, miR- 129/83 TagMan miR-16 NSCLC

223
Wang X, 2016 5 China | miR-486, miR-210 59/59 TagMan miR-16 NSCLC
Zheng D, 2011 73 USA 3 miRNAsP 74/68 SYBR green NR LC
Hua Fang, 2019 * China | miR-505-5p, miR-382-3p 108/50 Tagman Cel-miR-39 LC
Qixin Leng, 2017 % USA miR-422a, miR-326, miR-324-3p, 92/88 Tagman U6 LC

miR-103a-3p, miR-30a-5p, miR-

1285, miR-1254, miR-574-5p,

miR-146b-5p, miR-27a-3p, MiR-

27b-3p, miR-222-3p, miR-106a-

3p, miR-92a-3p, miR-29¢, miR-

24a-3p, miR-486-5p, miR-425-5p,

miR-221-3p, miR-301a-3p, miR-

148a, miR-148b, miR-193a-3p,

miR-21, miR-19b-3p, miR-210-

3p, miR-145, miR-126-3p, miR-

223-3p, miR-205-5p
Amr K S, 2017 2 Egypt miR-122, miR-224 40/20 Tagman RUNG6B HCC
Dipu Bharali, 2018 5* India miR-21 50/50 Tagman U6 HCC
Wang S, 2020 China miRNA-96, miRNA-21, miRNA- 100/50 TagMan u6 HCC

122
Wen Y, 2015 8 China | miR-20a-5p, miR-25-3p, miR- 67/82 TagMan Cel-miR-39 | HCC

30a-5p, miR-92a-3p, miR-132-3p,
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miR-185-5p, miR-320a, miR-
324-3p
Niloofar Moradi, 2019 Iran miR-214, miR-6510, miR-5193, 23/25 SYBR green NR HCC
4 miR-34a, miR-214, miR-5193,
miR-34a
Ya-Ching Lu, 2014 % Taiwan | miR-196a, miR-196b 90/53 TagMan NR oC
Ivan D. Osipov, 2016 4’ Russia | miR-141, miR-205 48/47 TagMan miR-16, PCa
miR-101
Noushin Shabani, 2019 Iran miR-144, miR-34a 50/50 TagMan u47 MTC
54
Feng Lian, 2015 3 China miR-195-5p, miR-199a-3p, miR- 90/90 Tagman Cel-miR-39 0sS
320a, miR-374a-5p
Kirschner, 2012 % Australia | miR-625-3p 15/14 Tagman miR-16 MPM
Yoshizawa S, 2012 %8 Japan | miR-92a 62/113 Tagman miR-638 ESCC
Fu-Cheng He, 2015 % China miR-20a, let-7a 70/40 SYBR green NR ESCC
Yongying Bai, 2016 3 China | miR-19a 89/125 SYBR green | Cel-miR-39 | ESCC
Lenka Besse , 2015 * Czech | miR-130a 35/30 Tagman miR-19b EMM
Republic
Shengye Du, 2020 *3 China | miR-29a, miR-25, miR-486-5p 140/140 Tagman U6, miR-16, cC
miR-25
Cheng M Hsu, 2012 2 Taiwan | miR-21 50/36 Tagman Cel-miR-39, | HNSCC
cel-miR-54
Hussein, 2017 Egypt | miR-642b-3p, miR-885-5p, miR- 35/15 Tagman miR-3196 PC
22-3p
Tavano F, 2018 7 Italy miR-1290 167/267 TagMan NR PC
Zhang J, 2018 7 China miR-451a, let-7b-5p 58/20 NR Cel-miR-39 CML
Tianzhu Lu, 2020 ¥ China | miR-BART7-3p 483/243 Tagman Cel-miR-39 NPC

NR not reported; BC breast cancer; HCC hepatocellular carcinoma; NSCLC Non-Small Cell Lung Cancer; LC lung cancer; CRC
colorectal cancer; GC gastric cancer; MPM Malignant Pleural Mesothelioma; OS osteosarcomas; HNSCC head and neck Squamous
cell carcinoma; PC pancreatic cancer; NPC nasopharyngeal carcinoma; ESCC esophageal squamous cell carcinoma; EMM extra
medullary myeloma; CC cervical cancer; MM multiple myeloma; CML chronic myeloid leukemia; OC oral cancer; PCa prostate

cancer; MTC medullary thyroid carcinoma.

Supplementary Table 1

The data for the diagnostic meta-analysis

First author, year Cancer miRNA profile Case/ TP | FN | FP | TN
type control
Amr K S, 2019 BC miR-155 30/30 30 0 3 27
miR-10b 30/30 29 1 4 26
Meihong Lu, 2017 BC miR-127-3p 102/90 80 22 19 71
Zeng RC, 2013 BC miRNA-30a 100/64 74 26 22 42
miR-122 100/64 36 14 14 36
Zanxi Fang, 2015 CRC miR-24 111/43 87 24 7 36
miR-320 111/43 103 8 12 31
miR-423-5p 111/43 102 9 13 30
miR-24, miR-320, miR-423-5p 111/43 103 8 13 30
Leping Li, 2015 CRC miR-29b 200/400 123 | 77 | 110 | 290
Xu L, 2014 CRC miR-375 88/40 68 20 14 26
Xing-xiang Pu, 2010 CRC miR-221 103/37 89 14 22 15
A. A. Sazanov, 2016 CRC miR-21 31/34 20 11 5 29
Sun'Y, 2016 CRC miR-96 187/47 122 | 65 13 34
Simonas J, 2015 GC miR-148a-3p 38/39 22 16 26 13
miR-375 38/39 18 20 24 15
miR-223-3p 38/39 29 9 16 23
miR-148a-3p, miR-375 38/39 25 13 13 26
Zhu C, 2014 GC miR-16 88/142 66 22 11 | 131
miR-25 88/142 55 33 4 138
miR-92a 88/142 74 14 33 109
miR-451 88/142 71 17 21 121
miR-486-5p 88/142 62 26 11 | 131
miR-16, miR-25, miR-92a, miR-451, miR-486 88/142 74 14 13 129
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Jong-Lyul Park, 2015 GC miR-27a 20/20 15 5 9 11
Pegah Parvaee, 2019 GC miR-107 50/50 47 3 11 39
miR-194 50/50 44 6 12 38
miR-210 50/50 50 0 14 | 36
Paola Mozzoni, 2013 NSCLC miR-21 54/46 27 27 4 42
miR-486 54/46 38 16 |5 41
\Wei J, 2011 NSCLC | miR-21 63/30 48 15 |9 21
\Wanshuai Li, 2015 NSCLC | miR-486 11/11 10 1 2 9
miR-150 11/11 9 2 2 9
Zhang H, 2016 NSCLC | miR-145 129/83 104 |25 |9 74
miR-20a 129/83 103 | 26 10 |73
miR-21 129/83 100 | 29 12 |71
miR-223 129/83 90 |39 13 |70
miR-145, miR-20a, miR-21 and miR-223 129/83 106 | 23 8 75
\Wang X, 2016 NSCLC | miR-486 59/59 49 10 13 | 46
miR-210 59/59 44 15 15 44
miR-486, miR-210 59/59 49 10 13 | 46
Zheng D, 2011 LC miR-155, miR-197, miR-182 74/68 60 14 19 59
Hua Fang, 2019 LC miR-505-5p 108/50 90 18 3 47
miR-382-3p 108/50 88 |20 14 | 36
miR-505-5p, miR-382-3p 108/50 93 15 |2 48
Qixin Leng, 2017 LC miR-422a 92/88 48 |44 |30 |58
miR-326 92/88 56 [36 |33 |55
miR-324-3p 92/88 58 [34 |29 |59
miR-103a-3p 92/88 54 |38 |3 |53
miR30a-5p 92/88 53 (39 |3 |53
miR-1285 92/88 61 31 29 |59
miR-1254 92/88 66 |26 |26 |62
miR-574-5p 92/88 47 |45 |41 | 47
miR-146b-5p 92/88 54 |38 |35 |53
miR-27a-3p 92/88 53 |39 23 | 65
miR-27b-3p 92/88 47 45 44 44
miR-222-3p 92/88 51 |41 |38 |50
miR-106a-3p 92/88 55 | 37 29 |59
miR-92a-3p 92/88 66 | 26 12 |76
miR-29c 92/88 60 |32 |35 |53
miR-24a-3p 92/88 55 |37 |35 |53
miR-486-5p 92/88 65 |27 15 |73
miR-425-5p 92/88 55 | 37 26 | 62
miR-221-3p 92/88 53 [ 39 |42 |46
miR-301a-3p 92/88 56 [ 36 |33 |55
miR-148a 92/88 54 |38 |29 |59
miR-148b 92/88 50 |42 |33 |55
miR-193a-3p 92/88 63 |29 29 |59
miR-21 92/88 54 |38 |32 |56
miR-19b-3p 92/88 63 |29 |32 |56
miR-210-3p 92/88 61 31 |32 |56
miR-145 92/88 66 |26 |23 |65
miR-126-3p 92/88 66 |26 |23 |65
miR-223-3p 92/88 50 |42 |38 |50
miR-205-5p 92/88 66 |26 |25 |63
miR-126, miR-145, miR-210, miR-205-5p 92/88 84 |8 3 85
miR-21, miR-210, miR-486-5p 92/88 69 23 13 |75
miR-126, miR-145, miR-210, miR-205-5p 34/30 31 3 1 29
miR-21, miR-210, miR-486-5p 34/30 26 |8 5 25
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Amr K S, 2017 HCC miR-122 40/20 35 5 1 19
miR-224 40/20 37 3 2 18
Dipu Bharali, 2018 HCC miR-21 50/50 37 13 12 38
\Wang S, 2020 HCC miR-96, miR-21, miR-122 100/50 % |4 1 49
Wen Y, 2015 HCC miR-20a-5p 67/82 58 9 35 | 47
miR-25-3p 67/82 37 30 17 65
miR-30a-5p 67/82 43 24 26 56
miR-92a-3p 67/82 51 16 26 56
miR-132-3p 67/82 61 6 52 30
miR-185-5p 67/82 61 6 50 32
miR-320a 67/82 26 |41 10 72
miR-324-3p 67/82 50 17 41 |4
miR-20a-5p, miR-25-3p, miR-30a-5p, miR- 67/82 58 9 29 53
92a-3p, miR- 132-3p, miR-185-5p, miR-320a,
miR-324-3p
miR-20a-5p, miR-320a, miR-324-3p, miR-375 20/40 13 7 9 31
miR-20a-5p, miR-320a, miR-324-3p, miR-375 50/37 28 22 6 31
Niloofar Moradi, HCC miR-214 23/25 17 6 6 19
2019 miR-6510 23/25 17 6 2 23
miR-5193 23/25 22 1 0 25
miR-34a 23/25 21 2 10 15
miR-214 23/25 20 3 14 11
miR-6510 23/25 19 4 15 10
miR-5193 23/25 18 5 4 21
miR-34a 23/25 9 14 |3 22
Ya-Ching Lu, 2014 oC miR-196a 90/53 60 30 2 51
miR-196b 90/53 88 2 10 |43
miR-196a, miR-196b 90/53 79 11 4 49
Ivan D. Osipov, 2016 PCa miR-141 48/47 27 21 0 47
miR-205 48/47 32 16 11 36
Noushin Shabani, 2019 | MTC miR-144 50/50 30 20 10 |40
miR-34a 50/50 24 26 10 |40
Feng Lian, 2015 0s r3n7idlr?e;1595—5p, miR-199a-3p, miR-320a, miR- 90/90 82 8 5 85
Kirschner, 2012 MPM miR-62%-3p 15/14 11 4 3 11
Yoshizawa S, 2012 MM miR-92a 62/113 57 5 1 112
Fu-Cheng He, 2015 ESCC miR-20a 70/40 45 25 10 30
let-7a 70/40 52 18 6 34
'Yongying Bai, 2016 ESCC miR-19a 89/125 59 30 |42 |83
Lenka Besse , 2015 EMM miR-130a 35/30 27 8 3 27
Shengye Du, 2020 CC miR-29a, miR-25, miR-486-5p 140/140 122 | 18 15 125
Cheng M Hsu, 2012 HNSCC | miR-21 50/36 42 8 17 19
Hussein, 2017 PC miR-642b-3p 35/15 35 0 0 15
miR-885-5p 35/15 35 0 0 15
miR-22-3p 35/15 34 1 0 15
Tavano F, 2018 PC miR-1290 167/267 94 73 28 239
Zhang J, 2018 CML miR-451a 58/20 38 20 7 13
let-7b-5p 58/20 41 17 4 16
Tianzhu Lu, 2020 NPC miR-BART7-3p 483/243 464 | 19 8 235
miR-BART13-3p 483/243 473 1 10 8 235

TP: True positive; FN: false-negative; FP: false-positive; TN: true-negative; NR: not reported,;

BC: breast cancer; HCC: hepatocellular carcinoma; NSCLC: Non-Small Cell Lung Cancer; LC: lung cancer; CRC: colorectal cancer;
GC: gastric cancer; MPM: Malignant Pleural Mesothelioma; OS: osteosarcomas; HNSCC: head and neck Squamous cell carcinoma;
PC: pancreatic cancer; NPC: nasopharyngeal carcinoma; ESCC: esophageal squamous cell carcinoma; EMM: extramedullary
myeloma; CC: cervical cancer; MM: multiple myeloma; CML: chronic myeloid leukemia; OC: oral cancer; PCa: prostate cancer;
MTC: medullary thyroid carcinoma
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Supplementary Table 2
Results of sensitivity analyses

Sensitivity Specificity DOR
Study eliminated Overall Heterogeneity Overall Heterogeneity Overall Heterogeneity
[95% CI] (B [95% CI] (G [95% ClI] 1
None 0.77 [0.74; 0.80] 85.1% 0.79 [0.76; 0.82] 85.1% 11.44 [8.78; 14.92] 89.4%
A. A. Sazanov, 2016 [14] 0.77 [0.74; 0.80] 85.1% 0.79 [0.76; 0.82] 85.1% 11.51[8.81; 15.03] 89.5%
Amr K S, 2019 [59] 0.77[0.74; 0.79] 85.0% 0.79[0.75;0.81] | 85.2% 11.10[853; 14.44] | 72.1%
Cheng M Hsu, 2012 [30] 0.77 [0.74; 0.80] 85.2% 0.79 [0.76; 0.82] 85.1% 11.57 [8.86; 15.11] 89.5%
Dipu Bharali, 2018 [14] 0.77[0.74;0.80] |  85.3% 0.79[0.75;0.82] |  85.4% 11.60[8.86; 15.19] |  89.5%
Feng Lian, 2015 [46] 0.77 [0.74; 0.80] 84.9% 0.79[0.76;0.82] | 84.9% 11.21[8.62; 1458] | 89.2%
Fu-Cheng He, 2015 [42] 0.77 [0.74; 0.80] 85.3% 0.79 [0.75; 0.81] 84.9% 11.55 [8.82; 15.12] 89.5%
Hua Fang, 2019 [44] 0.77 [0.74; 0.80] 85.5% 0.78[0.75; 0.81] 85.3% 11.11[8.51; 14.51] 89.4%

lvan D. Osipov, 2016 [27] | 0.77 [0.74; 0.80] 85.4%

0.78[0.75;0.81] | 855% 11.42[8.74,14.92] | 89.5%

Jong-Lyul Park, 2015 [26] | 0.77 [0.74; 0.80] 85.4%

0.79 [0.76; 0.82] 85.1% 11.59 [8.88; 15.13] 89.5%

AmrKS, 2017 [39] 0.77 [0.74; 0.80] 85.4% 0.78[0.75; 0.81] 85.4% 11.14 [8.55; 14.52] 89.4%
Lenka Besse , 2015 [31] 0.77 [0.74; 0.80] 85.3% 0.79[0.75; 0.81] 85.3% 11.41[8.74; 14.90] 89.4%
Leping Li, 2015 [34] 0.77 [0.74; 0.80] 84.9% 0.79[0.76;0.82] | 85.4% 11.60 [8.88; 15.15] 89.4%
Meihong Lu, 2017 [32] 0.77 [0.74; 0.80] 85.0% 0.79[0.76;0.82] | 85.3% 11.48 [8.79; 15.00] 89.4%
Kirschner, 2012 [47] 0.77 [0.74; 0.80] 85.1% 0.79[0.76;0.82] | 85.4% 11.51 [8.81; 15.03] 89.5%
Hussein, 2017 [55] 0.76 [0.73; 0.79] 85.2% 0.78[0.75;0.81] | 85.4% 10.99 [8.46; 14.28] 89.5%

Niloofar Moradi, 2019 [51] | 0.77 [0.74; 0.80] 85.5%

0.79[0.76; 0.82] 85.6% 11.52 [8.74; 15.19] 89.9%

Noushin Shabani, 2019 [48] | 0.77 [0.74; 0.80] 85.1%

0.79[0.76; 0.82] 85.3% 11.64 [8.89; 15.24] 89.5%

Paola Mozzoni, 2013 [12] | 0.77 [0.74; 0.80] 85.0%

0.78 [0.75; 0.81] 85.1% 11.46 [8.75; 15.00] 89.5%

Pegah Parvaee, 2019 [50] | 0.76 [0.73; 0.79] 85.0%

0.79[0.76; 0.82] 85.4% 11.12 [8.52; 14.53] 89.4%

Qixin Leng, 2017 [16] 0.81[0.78; 0.84] 84.7% 0.82[0.78;0.85] | 856% | 17.32[12.80;23.45]| 86.5%
Shengye Du, 2020 [25] 0.77 [0.74; 0.80] 84.8% 0.79[0.75;0.81] |  85.9% 11.32[8.68;14.77] |  89.2%
Simonas J, 2015 [24] 0.77 [0.74; 0.80] 85.2% 0.79[0.76;0.82] | 84.8% 12.21[9.38; 15.90] |  89.2%
Sun'Y, 2016 [40] 0.77 [0.74; 0.80] 85.0% 0.79[0.76;0.82] |  85.2% 1158 [8.86;15.12] | 89.5%
Tavano F, 2018 [38] 0.77 [0.74; 0.80] 84.8% 0.79[0.75;0.81] | 84.5% 1151[8.81;15.04] | 89.4%
Tianzhu Lu, 2020 [28] 0.76 [0.73; 0.79] 80.9% 0.78[0.75;0.81] | 83.5% 10.35[8.13; 13.18] |  86.8%
Wang S, 2020 [41] 0.77 [0.74; 0.79] 84.7% 0.78[0.75;0.81] |  85.1% 11.13[858; 14.44] |  89.3%
Wang X, 2016 [57] 0.77 [0.74; 0.80] 85.1% 0.79[0.76;0.82] | 85.4% 11.47[8.74,15.06] |  89.6%
Wanshuai Li, 2015 [49] 0.77 [0.74; 0.80] 85.1% 0.79[0.76;0.82] | 85.3% 11.38[8.71; 14.87] | 89.5%
Wei J, 2011 [13] 0.77 [0.74; 0.80] 85.1% 0.79[0.76;0.82] | 85.2% 1154 [8.83;15.08] |  89.5%
Wen Y, 2015 [56] 0.77 [0.74; 0.80] 84.8% 0.80[0.77;0.83] | 84.0% 12.46[9.32;16.67] | 90.2%
Xing-xiang Pu, 2010 [29] | 0.7 [0.74; 0.80] 84.9% 0.79[0.76;0.82] | 85.0% 1159[8.88;15.14] |  89.5%
Xu L, 2014 [43] 0.77 [0.74; 0.80] 85.0% 0.79[0.76;0.82] | 85.2% 1156 [8.85; 15.10] |  89.5%
Ya-Ching Lu, 2014 [33] 0.77[0.74; 0.79] 84.8% 0.78[0.75;0.81] |  85.1% 10.91[8.38; 14.21] | 89.2%
Yongying Bai, 2016 [53] 0.77 [0.74; 0.80] 85.5% 0.79[0.76;0.82] | 85.2% 11.61[8.89; 15.16] |  89.4%
Yoshizawa S, 2012 [36] 0.77 [0.74; 0.80] 84.9% 0.78[0.75;0.81] |  85.0% 11.12[857; 14.42] |  89.3%
Zanxi Fang, 2015 [52] 0.76 [0.73; 0.79] 84.2% 0.79[0.76;0.82] | 855% 11.18[852;14.68] | 89.4%
Zeng RC, 2013 [37] 0.77 [0.74; 0.80] 85.2% 0.79[0.76;0.82] |  85.3% 11.64[8.89; 15.25] |  89.5%
Zhang H, 2016 [11] 0.77 [0.74; 0.80] 85.1% 0.78[0.75;0.81] | 84.8% 11.13[8.46; 14.65] | 89.3%
Zhang J, 2018 [35] 0.77 [0.74; 0.80] 85.2% 0.79[0.76;0.82] | 85.3% 11.63[8.89; 15.23] |  89.5%
Zheng D, 2011 [54] 0.77 [0.74; 0.80] 85.0% 0.79[0.76;0.82] | 85.1% 11.41[8.74;14.89] |  89.4%
Zhu C, 2014 [45] 0.77 [0.74; 0.80] 85.3% 0.78[0.75;0.81] |  83.6% 10.88[8.27; 14.31] |  89.0%

Methodological quality of the eligible studies: A summary
of the quality of the included studies is described in fig. 2.
Among these studies, only one study®* depicted high quality,
representing low bias risk and low concern for patient
applicability. Studies were assessed as having a high risk of
bias and high applicability concerns in the index test domain
because there was knowledge of cancer by reference test and
the cut-off values were determined based on the ROC curve

https://doi.org/10.25303/208rjbt074090

instead of predefined. Regarding flow and timing, there was
one study®® with a high risk because of the confirmation of
the diagnosis by different reference standards and eight
studies with unclear risks due to inappropriate intervals
between the index test and reference test. In the two
remaining domains, unclear risks rarely occurred, primarily
in consecutive samples and blind tests.
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Diagnostic accuracy of stem-loop RT-gPCR-based
plasma miRNAs in cancer: A number of 10,218 cases and
8,990 controls were provided to estimate the pooled
sensitivity, specificity, PLR, NLR, DOR and AUC of plasma
miRNAs in cancer detection. Due to substantial
heterogeneity in sensitivity, specificity and DOR reports
(sensitivity: 1> = 85.1%, p-value < 0.001; specificity: 12 =
85.1%, p-value < 0.001; DOR: 12 = 89.4%, p-value < 0.001)
(Supplementary Table 2), a random-effects model was
applied for these analyses. The overall sensitivity and
specificity were 0.77 (95% CI, 0.74-0.80) and 0.79 (95% Cl,
0.76-0.82), respectively (Table 2).

The estimated DOR of 11.44 (95% CI, 8.78-14.92) and
AUC of 0.81 (95% CI, 0.78-0.83) (Table 2), along with the
SROC curve (Fig. 3), suggested a qualified performance of
plasma miRNAs in discriminating patients with cancer from

Vol. 20 (8) August (2025)
Res. J. Biotech.

controls with moderate accuracy. The PLR and NLR were
assumed to be 3.06 (95% Cl, 2.74-3.31) and 0.34 (95% ClI,
0.31-0.38) respectively (Table 2). These findings indicated
that stem-loop RT-qgPCR-based plasma miRNA profiling
had moderate accuracy in diagnosing cancer.

Threshold effect and subgroup analyses: Due to
substantial heterogeneity in the meta-analysis, we
investigated possible sources from the threshold and the non-
threshold effects. To verify whether the diagnostic threshold
could be a source of heterogeneity, we determined the
correlation coefficient (r) of sensitivity and specificity using
Spearman’s test*®. A threshold effect with an r-value > 0.6 is
indicated as significant>. As a result, no diagnostic
threshold-derived heterogeneity was observed in the meta-
analysis (r-value = 0.366).
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Table 2
The results of diagnostic measurements for plasma miRNAs profiling in cancer detection.
Analysis No of Sensitivity | Specificity PLR NLR DOR AUC Regress
studies | [95%CI] | [95%CI] [95%CI] [95%Cl] [95%Cl] [95%CI1] ion
Overall 127 0.77 0.79 3.06 0.34 11.44 [8.78; 14.92] 0.81
[0.74;0.80] | [0.76;0.82] | [2.74;3.41] | [0.31;0.38] [0.78; 0.83]
miRNA type
Single- 106 0.75 0.77 2.75 0.38 9.35[7.07; 12.36] 0.79 0.891
miRNA [0.72;0.79] | [0.73;0.80] | [2.46;3.07] | [0.34;0.42] [0.76; 0.82]
Multiple- 21 0.84 0.86 5.58 0.20 30.04 [17.02; 53.02] 0.91 0.187
miRNA [0.80;0.88] | [0.80;0.91] | [3.87;8.04] | [0.16;0.26] [0.89; 0.94]
Ethnicity
Asian 58 0.81 0.82 [0.77; 4.09 0.25 18.47 [12.84; 26.57] 0.87 0.079
[0.78; 0.84] 0.86] [3.41;4.90] | [0.21;0.30] [0.85; 0.89]
Caucasian 69 0.73 0.75[0.71; 2.38 0.46 7.25[5.20; 10.09] 0.76 0.008
[0.69; 0.77] 0.79] [2.10;2.70] | [0.41;0.51] [0.73;0.79]
Measurement method
Tagman 99 0.76 0.80 3.13 0.35 11.54 [8.33; 16.00] 0.80 0.004
[0.72;0.79] | [0.76;0.83] | [2.76;3.57] | [0.31;0.40] [0.77;0.83]
SYBR-green 25 0.82 0.75 2.83 0.29 12.30 [8.51; 17.78] 0.86 0.079
[0.77;0.87] | [0.69;0.80] | [2.36;3.40] | [0.23;0.36] [0.83; 0.89]
Normalizer type
Endogenous 77 0.74 0.77 2.65 0.40 8.66 [ 6.21; 12.06] 0.78 0.038
normalizer [0.70;0.77] | [0.73;0.80] | [2.34;3.01] | [0.36;0.45] [0.74; 0.81]
Exogenous 34 0.80 0.81 3.97 0.25 17.91[10.82; 29.66]| 0.86[0.83; | 0.357
normalizer [0.72;0.87] | [0.74;0.86] | [3.12;5.04] | [0.19;0.31] 0.89]
Cancer type
BC 5 0.87 0.78 3.51 0.29 21.60 [4.89; 95.33] 0.88 0.090
[0.68; 0.96] | [0.69;0.85] | [2.28;5.42] | [0.18;0.45] [0.81; 0.96]
CRC 9 0.82 0.71 2.62 0.27 10.81[5.98; 19.53] 0.84 0.889
[0.72;0.88] | [0.64;0.78] | [2.06;3.33] | [0.18;0.39] [0.79; 0.90]
GC 14 0.79 0.78 3.48 0.34 12.89 [5.37; 30.97] 0.89 0.510
[0.70; 0.86] | [0.66;0.86] | [2.21;5.47] | [0.24;0.47] [0.86; 0.93]
HCC 24 0.79[0.72; 0.75 2.33 0.34 8.86 [6.02; 13.04] 0.82 0.364
0.85] [0.66;0.83] | [1.96;2.76] | [0.27;0.42] [0.78; 0.86]
NSCLC 13 0.77 0.84 4.64 0.29 18.24 [13.28; 25.04] 0.88 0.137
[0.72;0.81] | [0.81;0.88] | [3.76;5.74] | [0.23;0.35] [0.86; 0.90]
LC 38 0.67 0.71 2.10 0.49 5.01[3.41; 7.35] 0.72 0.976
[0.63;0.71] | [0.66;0.76] | [1.825;2.42] | [0.42;0.56] [0.68; 0.76]
PC 4 0.98 0.98 10.60 0.06 367.89 [12.68; 0.94 0.002
[0.62;1.00] | [0.60;1.00] | [3.54;31.78] | [0.01;0.49] 1067.06] [0.36; 1.00]
ESCC 3 0.68 0.74 2.66 0.43 6.46 [2.87; 14.51] 0.78 0.022
[0.62;0.74] | [0.63;0.83] | [1.64;4.30] | [0.32;0.58] [0.70; 0.90]
Others 17 0.83 0.71 6.69 0.20 43.45[16.71; 0.89 0.349
[0.74;0.90] | [0.64;0.78] | [4.08;10.97] | [0.13;0.31] 112.94] [0.84; 0.94]

AUC area under the curve; CI confidence interval; DOR diagnostic odds ratio; miRNA microRNA; NLR negative likelihood ratio;
PLR positive likelihood ratio; BC breast cancer; HCC hepatocellular carcinoma; NSCLC Non-Small Cell Lung Cancer; LC lung
cancer; CRC colorectal cancer; GC gastric cancer; PC pancreatic cancer; NPC nasopharyngeal carcinoma; ESCC esophageal

squamous cell carcinoma.

To address the heterogeneity in the non-threshold effect, we
performed the subgroup analysis and meta-regression with
the following factors: miRNA type, ethnicity, measurement
method, normalizer type and cancer type (Table 2,
Supplementary fig. 1). As a meta-regression result, we
identified covariates including the Caucasian population,
Tagman measurement, endogenous normalizer, ESCC and
PC, as possible causes of heterogeneity. The miRNA type-
based analysis suggested that multiple-miRNA assays

https://doi.org/10.25303/208rjbt074090

significantly increased diagnostic ability compared to
single-miRNA assays, with higher sensitivity (0.84 wvs.
0.75), higher specificity (0.86 vs. 0.77), a higher DOR (30.04
vs. 9.35) and a higher AUC (0.91 vs. 0.79) (Table 2).

Stratified analysis by ethnicity showed that using plasma
miRNAs as cancer biomarkers in Asians was better than
those in Caucasians, with a sensitivity of 0.81 vs. 0.73, a
specificity of 0.82 vs. 0.75, a DOR of 18.47 vs. 7.25 and an
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AUC of 0.87 vs. 0.76 (Table 2). Considering stratification
by groups that used endogenous and exogenous normalizers,
there was a disparity in the performance of plasma miRNA
among the two groups with the exogenous-based group
having a higher sensitivity, DOR and AUC. The sensitivity,
specificity, DOR and AUC in stem-loop RT-qPCR-based
plasma miRNA profiling with exogenous normalizers were
0.80, 0.81, 17.91 and 0.86 respectively, while these values
for the group with an endogenous normalizer were 0.74,
0.77, 8.66 and 0.78, respectively (Table 2).
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To further investigate the impact of the measurement method
used in stem-loop RT-gPCR on the diagnostic accuracy of
plasma miRNAs, stratified analysis by Tagman and SYBR-
green was conducted. The SYBR-green miRNA assay had
slightly higher diagnostic accuracy than the Tagman miRNA
assay (Table 2). Lastly, we estimated the discriminative
performance of plasma miRNAs in BC, CRC, GC, ESCC,
HCC, NSCLC, LC, PC and other cancer types. The subgroup
results indicated that the impact of plasma miRNAs varied
significantly on diagnostic performance in different types of
cancer (Table 2).
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Supplementary Figure 1: SROC curves of plasma-miRNA assay in cancer detection. (A) single-miRNA assay. (B)
panel-miRNA assay. (C) Asians. (D) Caucasians. (E) Tagman. (F) SYBR-green. (G) endogenous control. (H)
exogenous control. (1) BC detection. (J) CRC detection. (K) ESCC detection. (L) GC detection. (M) HCC detection.

(N) LC detection. (O) NSCLC detection. (P) PC detection
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Supplementary Figure 2: Posttest probabition of stem-loop RT-gPCR-based plasma miRNA profiling for
diagnosing cancer

Plasma miRNA assay had the highest discriminative power
in PC detection (sensitivity = 0.98, specificity = 0.98, AUC
= 0.94) followed by very good diagnostic ability in GC,
NSCLC, CRC and HCC with AUC > 0.80 and a good
performance in ESCC diagnosis (AUC = 0.78). Plasma
miRNAs had the lowest accuracy in discriminating LC
patients from healthy persons (sensitivity = 0.67, specificity
=0.71, AUC = 0.72) (Table 2).

Identification of publication bias: We used a trim-and-fill
funnel plot and the Egger test for publication bias assessment
of the included studies. As a result, a p-value of 0.048 from
Egger's regression test revealed possible publication bias
across the studies included in the meta-analysis. Besides, the
funnel plot's shape was asymmetric and some missing
studies were observed in the area of high statistical
significance (Fig. 4). These findings suggested that
asymmetry was caused by factors other than reporting bias.

Sensitivity analysis: We performed a sensitivity analysis to
explore whether our results are sensitive to eliminate each
included study. As a result, we found that the lowest
sensitivity (0.76, 95% CI: 0.73-0.79) and specificity (0.78,
95% CI: 0.75-0.81) were observed when eliminating
study?337, while the highest sensitivity and specificity were
assumed to be 0.81 (95% CI: 0.78-0.84), 0.82 (95% CI: 0.78-
0.85) for excluding study?® (Supplementary table 2). These
results were similar to the overall results (sensitivity = 0.77,
95% ClI: 0.74-0.80; specificity = 0.79, 95% CI: 0.76-0.82),
suggesting robustness in our conclusions.

Discussion

Incidence and mortality rates from cancer are increasing
rapidly around the world. Early cancer screening and
diagnosis are critical in improving the survival rates of
patients with cancer. Several current studies have shown that

https://doi.org/10.25303/208rjbt074090

the expression of circulating miRNAs alters at the primary,
progression and metastasis stages of tumors”1%23, implying
their potential as cancer biomarkers. In 2008, tumor-derived
miRNAs were first identified in prostate cancer plasma,
providing the first evidence of plasma miRNAs' potential in
cancer diagnosis*. Since then, growing number of plasma
miRNAs have been recognized as markers for various cancer

types.

Besides, RT-gPCR is a preferred approach for identifying
circulating miRNA profiles as cancer biomarkers and is used
for wvalidating miRNA profiling results from other
platforms?s. Currently, the stem-loop-based RT-qPCR assay
is the most popular for clinical miRNA evaluation?>4%, With
the integration of plasma miRNA and stem-loop RT-gPCR
profiling as a diagnostic method, we performed a meta-
analysis to validate the detection ability of this method for
cancer.

The diagnostic significance of plasma miRNA has been
documented in many meta-analyzed studies for various
cancer types, including breast cancer®®, colorectal cancer®,
pancreatic cancer®® and osteosarcomal’. Our study further
extends the possible application of stem-loop RT-gPCR-
based plasma miRNA profiling in diagnosing cancer.

Using stem-loop RT-gPCR profiling, plasma miRNA had a
very good discriminative performance for cancer with an
overall AUC of 0.81 (overall sensitivity = 0.77, overall
specificity = 0.79). In addition, the overall DOR was 11.44
with a 95% CI of 8.78-14.92, indicating that the chance of
individuals having cancer with a miRNA-test-positive result
was 11 times higher than those having negative results. LR
is widely used as a diagnostic criterion for determining or
ruling out disease!*.
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Fig. 4: The trim-and-fill funnel plot asymmetry test for publication bias for stem-loop RT-gPCR-based
plasma miRNA profiling

The estimated PLR and NLR of 3.06 and 0.34 respectively
revealed a moderate predictor index of stem-loop RT-qPCR-
based plasma miRNA in cancer detection. When a pretest
probability of 25% was used, the posttest probabilities of
positive and negative stem-loop RT-qPCR-based plasma
miRNA profiling were 50.5% and 10.18% respectively.
These posttest probabilities were 75.37% and 25.37%
respectively, when set at 50% of the pretest probability and
achieved 90.18% and 50.5% respectively for a pretest
probability of 75% (Supplementary fig. 2). Cancer could be
confirmed through dysregulation of plasma miRNA based
on the stem-loop RT-gPCR test.

However, excluding the diagnosis was insufficient
information for a negative examination when the cancer
prevalence was 50% or higher. These findings indicated that
stem-loop RT-gPCR improved diagnostic effectiveness
while having a lesser influence on clinical practice.
However, cancer cannot be excluded in high-risk patients
with a negative result from stem-loop RT-gPCR-based
plasma miRNA profiling and needs further confirmation by
other examinations. The application of stem-loop RT-gPCR-
based plasma miRNA profiling was influenced by the
miRNA type. Although identifying a single miRNA as a
cancer biomarker is straightforward and is much more
uncomplicated than setting up a panel of multiple miRNAs.
The diagnostic performance of a single-miRNA assay is
relatively poor.

The limitations of single-miRNA biomarkers are that cancer
formation can be viewed as a complicated multistep process
related to epigenetic and genetic alterations, while targeting
by single-miRNA might not cover completely. The multiple
miRNAs, however, generate a stable and reliable network
diagnostic  structure via various cancer-developed
pathways'®3167  Our results showed that the multiple-
mMiRNA assay surpassed the single-miRNA assay in
diagnosing cancer. The multiple-miRNA assay had 0.84 of
sensitivity, 0.86 of specificity, 30.04 of DOR and 0.91 of
AUC whereas these values for the single-miRNA assay were
0.75, 0.77, 9.35 and 0.79 respectively. This finding
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highlights the benefit of using panels of multiple mMiRNAs
for clinical application in cancer detection.

Besides, ethnicity and normalization strategies affect the
diagnostic accuracy of stem-loop RT-gPCR-based plasma
miRNA profiling. Our results found that the Asian-based
miRNA assay is remarkably better than the Caucasian-based
one at diagnosing cancer. Likewise, an exogenous
normalizer is more suitable than an endogenous normalizer
for quantifying plasma miRNA expression using stem-loop
RT-gPCR. With a sensitivity of 0.80, a specificity of 0.81
and an AUC of 0.86, plasma miRNA expression profiling
preferred a quality control method based on an exogenous
reference control. Further studies are needed to clarify the
optimal normalization strategy for stem-loop RT-qPCR-
based plasma miRNA profiling for cancer.

In addition, previous evidence has reported that the
diagnostic potential of MiIRNAs was identified as a variation
between different types of malignancies®. Likewise, our
findings revealed the dependence of their performance on
the type of cancer. Among the eight cancer types we
investigated, the plasma miRNA assay had the highest
discriminative power in PC detection (sensitivity = 0.98,
specificity = 0.98, AUC = 0.94). In contrast, the lowest
accuracy was for distinguishing LC patients from controls
(sensitivity = 0.67, specificity = 0.71, AUC = 0.72). This
difference might be addressed by the different complicated
roles of mMiRNA in various cancers. A particular miRNA can
be oncomiR in one type of tumor and suppressor in
another®. The expression patterns have changed across
cancer types, contributing to the dependence between
miRNA diagnostic significance and type of cancer®.

However, there are some limitations in this study. First, there
is significant heterogeneity among the included studies,
which may be caused by the differences in ethnicities of the
included participants, measurement methods used in stem-
loop RT-gPCR and cancer types across studies. Second, one
study?® enrolled a large number of patients, which may affect
the overall result. Third, most of the studies showed a high
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risk of bias due to knowledge of the reference test’s result
for interpreting the result of the index test and the optimal
threshold for estimating sensitivity and specificity. Lastly,
publication bias existed in this meta-analysis. Factors other
than reporting bias, including substantive heterogeneity or
chance, are possible sources of funnel plot asymmetry in our
meta-analysis. Nevertheless, our results are robust in the
diagnostic accuracy of plasma miRNA for cancer using
stem-loop RT-gPCR for profiling.

Conclusion

Based on stem-loop RT-qPCR profiling, miRNAs in plasma,
especially miRNA panels, had very good diagnostic
performance and could serve as a potential method for
minimally invasive cancer detection and screening. A
cautionary interpretation should be performed for high-risk
patients with a negative result from stem-loop RT-gPCR-
based plasma miRNA profiling. Further trials nested in
population cohorts are needed to assess MiRNA in pre-
diagnostic plasma samples to verify their diagnostic
feasibility in cancer.

Acknowledgement
This research was funded by University of Science, VNU-
HCM under grant number T2022-66

References

1. Amr K.S.A.0.S.M., Afify M. and Abd-Allah R.M., Role of
miRNA-155 And -10B as Biomarkers of Breast Cancer in Egyptian
Women, Int. J. Pharm. Clin. Res, 11(2), 57-62 (2019)

2. Amr K.S., EImawgoud Atia H.A., Elazeem Elbnhawy R.A. and
Ezzat W.M., Early diagnostic evaluation of miR-122 and miR-224
as biomarkers for hepatocellular carcinoma, Genes Dis, 4(4), 215-
221 (2017)

3.Bai Y., Lin H., Fang Z., Luo Q., Fang Y., Su Y., Hu Q., Duan
H., Chen F. and Zhang Z.Y ., Plasma microRNA-19a as a potential
biomarker for esophageal squamous cell carcinoma diagnosis and
prognosis, Biomark Med, 11(5), 431-441 (2017)

4. Besse L., Sedlarikova L., Kryukov F., Nekvindova J., Radova
L., Slaby O., Kuglik P., Almasi M., Penka M., Krejci M., Adam Z.,
Pour L., Sevcikova S. and Hajek R., Circulating Serum
MicroRNA-130a as a Novel Putative Marker of Extramedullary
Myeloma, PLoS One, 10(9), 0137294 (2015)

5. Bharali D., Banerjee B.D., Bharadwaj M., Husain S.A. and Kar
P., Expression Analysis of MicroRNA-21 and MicroRNA-122 in
Hepatocellular Carcinoma, J Clin Exp Hepatol, 9(3), 294-301
(2019)

6. Carter J.V., Galbraith N.J., Yang D., Burton J.F., Walker S.P.
and Galandiuk S., Blood-based microRNAs as biomarkers for the
diagnosis of colorectal cancer: a systematic review and meta-
analysis, Br J Cancer, 116(6), 762-774 (2017)

7. Chang C.W.,, Yu J.C., Hsieh Y.H., Yao C.C., Chao J.I., Chen
P.M., Hsieh H.Y ., Hsiung C.N., Chu H.W., Shen C.Y. and Cheng
C.W., MicroRNA-30a increases tight junction protein expression
to suppress the epithelial-mesenchymal transition and metastasis

https://doi.org/10.25303/208rjbt074090

Vol. 20 (8) August (2025)
Res. J. Biotech.

by targeting Slug in breast cancer, Oncotarget, 7(13), 16462-16478
(2016)

8. Chen C., Ridzon D.A., Broomer AJ., Zhou Z., Lee D.H.,
Nguyen J.T., Barbisin M., Xu N.L., Mahuvakar V.R., Andersen
M.R.,, Lao K.Q., Livak KJ. and Guegler K.J., Real-time
quantification of microRNAs by stem-loop RT-PCR, Nucleic
Acids Res, 33(20), €179 (2005)

9. Chen X., Liang H., Guan D., Wang C., Hu X., Cui L., Chen S.,
Zhang C., Zhang J., Zen K. and Zhang C.Y ., A combination of Let-
7d, Let-7g and Let-7i serves as a stable reference for normalization
of serum microRNAS, PLoS One, 8(11), €79652 (2013)

10. Croce C.M., Causes and consequences of microRNA
dysregulation in cancer, Nat Rev Genet, 10(10), 704-714 (2009)

11. Deeks J.J. and Altman D.G., Diagnostic tests 4. likelihood
ratios, Bmj, 329(7458), 168-169 (2004)

12. Devillé W.L., Buntinx F., Bouter L.M., Montori V.M., de Vet
H.C., van der Windt D.A. and Bezemer P.D., Conducting
systematic reviews of diagnostic studies: didactic guidelines, BMC
Med Res Methodol, 2, 9 (2002)

13.DuS., Zhao Y., Lv C., Wei M., Gao Z. and Meng X., Applying
Serum Proteins and MicroRNA as Novel Biomarkers for Early-
Stage Cervical Cancer Detection, Sci Rep, 10(1), 9033 (2020)

14. Fang H., Liu Y., He Y., Jiang Y., Wei Y., Liu H., Gong Y. and
An G., Extracellular vesicle-delivered miR-505-5p, as a diagnostic
biomarker of early lung adenocarcinoma, inhibits cell apoptosis by
targeting TP53AIP1, Int J Oncol, 54(5), 1821-1832 (2019)

15. Fang Z., Tang J., Bai Y., Lin H., You H., Jin H., Lin L., You
P., LiJ., Dai Z., Liang X., Su Y., Hu Q., Wang F. and Zhang Z.Y .,
Plasma levels of microRNA-24, microRNA-320a and microRNA-
423-5p are potential biomarkers for colorectal carcinoma, J Exp
Clin Cancer Res, 34(1), 86 (2015)

16. Friedman R.C., Farh K.K., Burge C.B. and Bartel D.P., Most
mammalian mMRNAs are conserved targets of microRNAs, Genome
Res, 19(1), 92-105 (2009)

17. Gao S.S., Wang Y .J., Zhang G.X. and Zhang W.T., Potential
diagnostic value of miRNAs in peripheral blood for osteosarcoma:
A meta-analysis, J Bone Oncol, 23, 100307 (2020)

18. Giridharan V.V., Thandavarayan R.A., Fries G.R., Walss-Bass
C., Barichello T., Justice N.J., Reddy M.K. and Quevedo J., Newer
insights into the role of miRNA a tiny genetic tool in psychiatric
disorders: focus on post-traumatic stress disorder, Transl
Psychiatry, 6(11), €954 (2016)

19. Hachi Mohamed, Hamidi Mohamed, Touati Mostefa, Berrabah
Yasmina and Korichi Ayoub, Phytoremediation potential of
spontaneous plant species in soils contaminated by hexavalent
chromium in Djelfa city (Algeria), Res. J. Chem. Environ., 26(1),
66-74 (2023)

20. Hawkes N., Cancer survival data emphasise importance of
early diagnosis, Bmj, 364, 1408 (2019)

21. He F.C., Meng W.W., Qu Y.H., Zhou M.X., He J., Lv P. and
Ming L., Expression of circulating microRNA-20a and let-7a in

87



Research Journal of Biotechnology

esophageal squamous cell carcinoma, World J Gastroenterol,
21(15), 4660-4665 (2015)

22.Hsu C.M., Lin P.M., Wang Y.M., Chen Z.J., Lin S.F. and Yang
M.Y., Circulating miRNA is a novel marker for head and neck
squamous cell carcinoma, Tumour Biol, 33(6), 1933-1942 (2012)

23. Hussein N.A., Kholy Z.A., Anwar M.M., Ahmad M.A. and
Ahmad S.M., Plasma miR-22-3p, miR-642b-3p and miR-885-5p
as diagnostic biomarkers for pancreatic cancer, J Cancer Res Clin
Oncol, 143(1), 83-93 (2017)

24, Juzénas S., Salteniené V., Kupcinskas J., Link A., Kiudelis G.,
Jonaitis L., Jarmalaite S., Kupcinskas L., Malfertheiner P. and
Skieceviciene J., Analysis of Deregulated microRNAs and Their
Target Genes in Gastric Cancer, PLoS One, 10(7), e0132327
(2015)

25. Kang K., Peng X., Luo J. and Gou D., ldentification of
circulating miRNA biomarkers based on global quantitative real-
time PCR profiling, J Anim Sci Biotechnol, 3(1), 4 (2012)

26. Kirschner M.B., Cheng Y.Y., Badrian B., Kao S.C., Creaney
J., Edelman J.J., Armstrong N.J., Vallely M.P.,, Musk AW.,
Robinson B.W., McCaughan B.C., Klebe S., Mutsaers S.E., van
Zandwijk N. and Reid G., Increased circulating miR-625-3p: a
potential biomarker for patients with malignant pleural
mesothelioma, J Thorac Oncol, 7(7), 1184-1191 (2012)

27. Kirschner M.B., Kao S.C., Edelman J.J., Armstrong N.J.,
Vallely M.P., van Zandwijk N. and Reid G., Haemolysis during
sample preparation alters microRNA content of plasma, PLoS One,
6(9), e24145 (2011)

28. Lee Y.H., Meta-analysis of genetic association studies, Ann
Lab Med, 35(3), 283-287 (2015)

29. Leng Q., Lin Y., Jiang F., Lee C.J., Zhan M., Fang H., Wang
Y. and Jiang F., A plasma miRNA signature for lung cancer early
detection, Oncotarget, 8(67), 111902-111911 (2017)

30.LiL., Guo Y., ChenY., Wang J., Zhen L., Guo X, Liu J. and
Jing C., The Diagnostic Efficacy and Biological Effects of
microRNA-29b for Colon Cancer, Technol Cancer Res Treat,
15(6), 772-779 (2016)

31. Li R, Lu C., Yang W., Zhou Y., Zhong J., Chen X., Li X,
Huang G., Peng X., Liu K., Zhang C., Hu H. and Lai Y., A panel
of three serum microRNA can be used as potential diagnostic
biomarkers for nasopharyngeal carcinoma, J Clin Lab Anal, 36(2),
€24194 (2022)

32. Li W.,, Wang Y., Zhang Q., Tang L., Liu X., Dai Y., Xiao L.,
Huang S., Chen L., Guo Z., Lu J. and Yuan K., MicroRNA-486 as
a Biomarker for Early Diagnosis and Recurrence of Non-Small
Cell Lung Cancer, PL0S One, 10(8), e0134220 (2015)

33. Li X, Gao P., Wang Y. and Wang X., Blood-Derived
microRNAs for Pancreatic Cancer Diagnosis: A Narrative Review
and Meta-Analysis, Front Physiol, 9, 685 (2018)

34. Lian F., Cui Y., Zhou C., Gao K. and Wu L., Identification of

a plasma four-microRNA panel as potential noninvasive biomarker
for osteosarcoma, PL0oS One, 10(3), €0121499 (2015)

https://doi.org/10.25303/208rjbt074090

Vol. 20 (8) August (2025)
Res. J. Biotech.

35. LuJ., Getz G., Miska E.A., Alvarez-Saavedra E., Lamb J., Peck
D., Sweet-Cordero A., Ebert B.L., Mak R.H., Ferrando A.A.,
Downing J.R., Jacks T., Horvitz H.R. and Golub T.R., MicroRNA
expression profiles classify human cancers, Nature, 435(7043),
834-838 (2005)

36. Lu M., Ju S., Shen X., Wang X., Jing R., Yang C., Chu H. and
Cong H., Combined detection of plasma miR-127-3p and HE4
improves the diagnostic efficacy of breast cancer, Cancer Biomark,
18(2), 143-148 (2017)

37.LuT.,GuoQ., LinK.,,ChenH.,ChenY.,XuY., LinC.,SuY.,
Chen Y., Chen M., Zheng Y., Ye Y., Lin S., Zong J. and Pan J.,
Circulating Epstein-Barr virus microRNAs BART7-3p and
BART13-3p as novel biomarkers in nasopharyngeal carcinoma,
Cancer Sci, 111(5), 1711-1723 (2020)

38. Lu Y.C., Chang J.T., Huang Y.C., Huang C.C., Chen W.H.,
Lee L.Y. Huang B.S. Chen Y.. Li H.F. and Cheng A.J.,
Combined determination of circulating miR-196a and miR-196b
levels produces high sensitivity and specificity for early detection
of oral cancer, Clin Biochem, 48(3), 115-121 (2015)

39. Mclnnes M.D.F., Moher D., Thombs B.D., McGrath T.A.,
Bossuyt P.M., Clifford T., Cohen J.F., Deeks J.J., Gatsonis C.,
Hooft L., Hunt H.A., Hyde C.J., Korevaar D.A., Leeflang M.M.G.,
Macaskill P., Reitsma J.B., Rodin R., Rutjes A.W.S., Salameh J.P.,
Stevens A., Takwoingi Y., Tonelli M., Weeks L., Whiting P. and
Willis B.H., Preferred Reporting Items for a Systematic Review
and Meta-analysis of Diagnostic Test Accuracy Studies: The
PRISMA-DTA Statement, Jama, 319(4), 388-396 (2018)

40. Mestdagh P., Feys T., Bernard N., Guenther S., Chen C.,
Speleman F. and Vandesompele J., High-throughput stem-loop
RT-gPCR miRNA expression profiling using minute amounts of
input RNA, Nucleic Acids Res, 36(21), e143 (2008)

41. Mitchell P.S., Parkin R.K., Kroh E.M., Fritz B.R., Wyman
S.K., Pogosova-Agadjanyan E.L., Peterson A., Noteboom J.,
O'Briant K.C., Allen A., Lin D.W., Urban N., Drescher C.W.,
Knudsen B.S., Stirewalt D.L., Gentleman R., VessellaR.L., Nelson
P.S., Martin D.B. and Tewari M., Circulating microRNAs as stable
blood-based markers for cancer detection, Proc Natl Acad Sci
USA, 105(30), 10513-10518 (2008)

42. Mompeon A., Ortega-Paz L., Vidal-Gomez X., Costa T.J.,
Pérez-Cremades D., Garcia-Blas S., Brugaletta S., Sanchis J.,
Sabate M., Nowvella S., Dantas A.P. and Hermenegildo C.,
Disparate miRNA expression in serum and plasma of patients with
acute myocardial infarction: a systematic and paired comparative
analysis, Sci Rep, 10(1), 5373 (2020)

43. Moores B.M., Cost—risk—benefit analysis in diagnostic
radiology: A theoretical and economic basis for radiation
protection of the patient, Radiat Prot Dosimetry, 169(1-4), 2-10
(2016)

44, Moradi N., Paryan M., Khansarinejad B., Sarmadian H. and
Mondanizadeh M., Plasma level of miR-5193 as a novel biomarker
for diagnosis of HBV-related hepatocellular carcinoma, Hepat.
Mon, 19(2), e84455 (2019)

45. Moses L.E., Shapiro D. and Littenberg B., Combining
independent studies of a diagnostic test into a summary ROC

88



Research Journal of Biotechnology

curve: data-analytic approaches and some additional

considerations, Stat Med, 12(14), 1293-1316 (1993)

46. Mozzoni P., Banda I., Goldoni M., Corradi M., Tiseo M.,
Acampa O., Balestra V., Ampollini L., Casalini A., Carbognani P.
and Mutti A., Plasma and EBC microRNAs as early biomarkers of
non-small-cell lung cancer, Biomarkers, 18(8), 679-686 (2013)

47. Osipov 1.D., Zaporozhchenko I.A., Bondar A.A., Zaripov
M.M., Voytsitskiy V.E., Vlassov V.V., Laktionov P.P. and
Morozkin E.S., Cell-Free miRNA-141 and miRNA-205 as Prostate
Cancer Biomarkers, Adv Exp Med Biol, 924, 9-12 (2016)

48. Park J.L., Kim M., Song K.S., Kim S.Y. and Kim Y.S., Cell-
Free miR-27a, a Potential Diagnostic and Prognostic Biomarker for
Gastric Cancer, Genomics Inform, 13(3), 70-75 (2015)

49. Parvaee P., Sarmadian H., Khansarinejad B., Amini M. and
Mondanizadeh M., Plasma Level of MicroRNAs, MiR-107, MiR-
194 and MiR-210 as Potential Biomarkers for Diagnosis Intestinal-
Type Gastric Cancer in Human, Asian Pac J Cancer Prev, 20(5),
1421-1426 (2019)

50. Pu X.X., Huang G.L., Guo H.Q., Guo C.C., Li H,, Ye S., Ling
S., Jiang L., Tian Y. and Lin T.Y., Circulating miR-221 directly
amplified from plasma is a potential diagnostic and prognostic
marker of colorectal cancer and is correlated with p53 expression,
J Gastroenterol Hepatol, 25(10), 1674-1680 (2010)

51. Sazanov A.A., Kiselyova E.V., Zakharenko A.A., Romanov
M.N. and Zaraysky M.l., Plasma and saliva miR-21 expression in
colorectal cancer patients, J Appl Genet, 58(2), 231-237 (2017)

52. Schillaci O. and Scimeca M., Combining Diagnostic Imaging
and Pathology for Improving Diagnosis and Prognosis of Cancer,
Contrast Media Mol Imaging, 2019, 9429761 (2019)

53. Sehovic E., Urru S., Chiorino G. and Doebler P., Meta-analysis
of diagnostic cell-free circulating microRNAs for breast cancer
detection, BMC Cancer, 22(1), 634 (2022)

54. Shabani N., Sheikholeslami S., Paryan M., Zarif Yeganeh M.,
Tavangar S.M., Azizi F., Mohammadi-Yeganeh S. and Hedayati
M., An investigation on the expression of miRNAs including miR-
144 and miR-34a in plasma samples of RET-positive and RET-
negative medullar thyroid carcinoma patients, J Cell Physiol,
235(2), 1366-1373 (2020)

55. Sun Y., Liu Y., Cogdell D., Calin G.A., Sun B., Kopetz S.,
Hamilton S.R. and Zhang W., Examining plasma microRNA
markers for colorectal cancer at different stages, Oncotarget, 7(10),
11434-11449 (2016)

56. Sung H., Ferlay J. and Siegel R.L., Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries, CA Cancer J Clin,
71(3), 209-249 (2021)

57. Tavano F., Gioffreda D., Valvano M.R., Palmieri O., Tardio
M., Latiano T.P., Piepoli A., Maiello E., Pirozzi F. and Andriulli
A., Droplet digital PCR quantification of miR-1290 as a circulating
biomarker for pancreatic cancer, Sci Rep, 8(1), 16389 (2018)

58. van Schooneveld E., Wildiers H., Vergote I., Vermeulen P.B.,
Dirix L.Y. and Van Laere S.J., Dysregulation of microRNAs in

https://doi.org/10.25303/208rjbt074090

Vol. 20 (8) August (2025)
Res. J. Biotech.

breast cancer and their potential role as prognostic and predictive
biomarkers in patient management, Breast Cancer Res, 17, 21
(2015)

59. Wang H., Peng R., Wang J., Qin Z. and Xue L., Circulating
microRNAs as potential cancer biomarkers: the advantage and
disadvantage, Clin Epigenetics, 10(1), 59 (2018)

60. Wang S., Yang Y., Sun L., Qiao G., Song Y. and Liu B.,
Exosomal MicroRNAs as Liquid Biopsy Biomarkers in
Hepatocellular Carcinoma, Onco Targets Ther, 13, 2021-2030
(2020)

61. Wang X., Zhi X., Zhang Y., An G. and Feng G., Role of plasma
MicroRNAs in the early diagnosis of non-small-cell lung cancers:
a case-control study, J Thorac Dis, 8(7), 1645-1652 (2016)

62. Wang Y., Zhou J., Chen Y., Wang C., Wu E., Fu L. and Xie
C., Quantification of distinct let-7 microRNA family members by
a modified stem-loop RT-qPCR, Mol Med Rep, 17(3), 3690-3696
(2018)

63. Wei J., Gao W., Zhu C.J., Liu Y.Q., Mei Z., Cheng T. and Shu
Y.Q., Identification of plasma microRNA-21 as a biomarker for
early detection and chemosensitivity of non-small cell lung cancer,
Chin J Cancer, 30(6), 407-414 (2011)

64. Wen Y., Han J., Chen J., Dong J., Xia Y., Liu J., Jiang Y., Dai
J., LuJ., Jin G, Han J., Wei Q., Shen H., Sun B. and Hu Z., Plasma
miRNAs as early biomarkers for detecting hepatocellular
carcinoma, Int J Cancer, 137(7), 1679-1690 (2015)

65. Whiting P.F., Rutjes A.W., Westwood M.E., Mallett S., Deeks
J.J., Reitsma J.B., Leeflang M.M., Sterne J.A. and Bossuyt P.M.,
QUADAS-2: arevised tool for the quality assessment of diagnostic
accuracy studies, Ann Intern Med, 155(8), 529-536 (2011)

66. Xu L., Li M., Wang M., Yan D., Feng G. and An G., The
expression of microRNA-375 in plasma and tissue is matched in
human colorectal cancer, BMC Cancer, 14, 714 (2014)

67. Yan L., Zhao W., Yu H., Wang Y., Liu Y. and Xie C., A
Comprehensive Meta-Analysis of MicroRNAs for Predicting
Colorectal Cancer, Medicine (Baltimore), 95(9), 2738 (2016)

68. Yoshizawa S., Ohyashiki J.H., Ohyashiki M., Umezu T.,
Suzuki K., Inagaki A., lida S. and Ohyashiki K., Downregulated
plasma miR-92a levels have clinical impact on multiple myeloma
and related disorders, Blood Cancer J, 2(1), €53 (2012)

69. Zare M., Bastami M., Solali S. and Alivand M.R., Aberrant
miRNA promoter methylation and EMT-involving miRNAs in
breast cancer metastasis: Diagnosis and therapeutic implications, J
Cell Physiol, 233(5), 3729-3744 (2018)

70. Zeng R.C., Zhang W., Yan X.Q., Ye Z.Q., Chen E.D., Huang
D.P., Zhang X.H. and Huang G.L., Down-regulation of miRNA-
30a in human plasma is a novel marker for breast cancer, Med
Oncol, 30(1), 477 (2013)

71.Zhang H., Mao F., Shen T., Luo Q., Ding Z., Qian L. and Huang
J., Plasma miR-145, miR-20a, miR-21 and miR-223 as novel
biomarkers for screening early-stage non-small cell lung cancer,
Oncol Lett, 13(2), 669-676 (2017)

89



Research Journal of Biotechnology

72. Zhang J., Jiang Y., Han X., Roy M., Liu W., Zhao X. and Liu
J., Differential expression profiles and functional analysis of
plasma miRNAs associated with chronic myeloid leukemia phases,
Future Oncol, 15(7), 763-776 (2019)

73. Zheng D., Haddadin S., Wang Y., Gu L.Q., Perry M.C., Freter
C.E. and Wang M.X., Plasma microRNAs as novel biomarkers for
early detection of lung cancer, IntJ Clin Exp Pathol, 4(6), 575-586
(2011)

74. Zhou S.W., SuB.B., Zhou Y., Feng Y.Q., Guo Y., Wang Y.X.,
Qi P. and Xu S., Aberrant miR-215 expression is associated with

https://doi.org/10.25303/208rjbt074090

Vol. 20 (8) August (2025)
Res. J. Biotech.

clinical outcome in breast cancer patients, Med Oncol, 31(11), 259
(2014)

75. Zhu C., Ren C., Han J., Ding Y., Du J., Dai N., Dai J., Ma H.,
Hu Z., Shen H., Xu Y. and Jin G., A five-microRNA panel in
plasma was identified as potential biomarker for early detection of
gastric cancer, Br J Cancer, 110(9), 2291-2299 (2014).

(Received 26" October 2023, revised 10" May 2024,
accepted 08" July 2024)

90



