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ABSTRACT
Purpose: We conducted a systematic review to evaluate the overall diagnostic
accuracy of miRNAs in detecting endometrial cancer.
Materials and Methods: A systematic search of Medline, Embase, Cinahl and the
Cochrane Controlled Register of Trials was performed to identify studies reporting
on the diagnostic value of miRNA in EC patients. Included were diagnostic studies
looking at miRNA expression in women diagnosed with endometrial cancer. Two
reviewers independently selected studies and assessed quality of studies using the
Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) score system. Data
extraction was completed and the vote-counting strategy was used to rank miRNAs.
Results: 26 studies were included with a total number of 1,400 EC patients
reporting on 106 differentially expressed miRNAs. The most frequently found upregulated miRNA was miR-205 followed by miR-200c, -223, -182, -183 and -200a.
In addition, miR-135b, miR-429, miR-141 and miR-200b were also frequently upregulated. There was less consensus on down-regulated miRNAs.
Conclusions: miRNAs yield a promising diagnostic biomarker potential in
endometrial cancer, especially miR-205, the miR-200 family and miR-135b, -182,
-183 and -223. However, no sufficient high quality data are available to draw hard
conclusions. More research is needed to validate the diagnostic potential of these
miRNAs in larger studies. In addition, the potential of urine as a non-invasive biofluid
should be investigated in more detail.

INTRODUCTION

I endometrioid, which is associated with good prognosis
[4]. This is largely because women present early with
bleeding problems and are therefore diagnosed at an early
stage [5]. However, between 15 to 25% of women present
with advanced stage disease (stage III or stage IV) with a
5-year survival varying from 40% to 79% for FIGO stage
III, and from 0% to 24% for FIGO stage IV disease [6].
At the moment, diagnosis of EC is made by
combination of transvaginal ultrasound scan (TVUS)
and endometrial biopsy, which is an invasive and
uncomfortable investigation with Visual Analogue Scale
(VAS) pain score of 6.5 in postmenopausal women
[7, 8]. In addition, high numbers of technical problems
(12–23%) and insufficient amount of tissue (16–68%) in

Endometrial cancer (EC) is the most common
malignancy of the female genital tract and the 8th cause
of death in women in the United Kingdom (UK) [1].
Two different subtypes of EC have been described: type
I tumours are mostly endometrioid adenocarcinomas and
are associated with unopposed oestrogen stimulation and
obesity and are often preceded by endometrial hyperplasia
[2]. Type II tumours on the other hand are predominantly
serous carcinomas, are commonly described as oestrogen
independent arising in atrophic endometrium and are less
well differentiated and therefore haver poorer prognosis
[2, 3]. The large majority of endometrial cancer are type
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obtaining endometrial biopsy have been described [9].
Therefore, the identification of validated and non-invasive
diagnostic biomarkers are needed. These biomarkers need
to be accurate in order to improve earlier diagnosis and
outcomes including survival.
MicroRNAs (miRNAs) are small noncoding RNAs
involved in posttranscriptional regulations of various
cellular processes and over 2,000 human miRNAs are
identified [10, 11]. MiRNAs have been demonstrated
to play a major role in a wide range of developmental
processes including metabolism, cell proliferation,
apoptosis and developmental timing [12]. Overexpressed
miRNAs may function as both oncogenes (through
downregulation of tumour-suppressor genes) and/or
regulator of cellular processes such as cell differentiation
or apoptosis. This is thought to be how miRNAs are
associated with the development of different cancer types
such as colorectal, breast, ovarian and endometrial cancer
[13–16], although the exact pathways are not entirely
understood. Because of their potential role as agents
controlling cell growth and differentiation, miRNAs have
been proposed to be good candidates for cancer diagnosis
and therapy [17]. In addition, previous systematic reviews
show a promising diagnostic potential of miRNA in cancer
types such as ovarian and pancreatic cancer [18, 19],
however the diagnostic value of miRNA for endometrial
cancer remains unclear. Results of published studies are
inconsistent due to differences in study design, specimen
types and miRNAs and different groups have obtained
conflicting conclusions.
MiRNAs can be detected in fixed tissue specimens
but also in blood, serum, urine and other body fluids [20].
To date it is unclear which specimen type can be used to
achieve the most reliable and feasible biomarker for the
detection of EC.
Therefore, this systematic review was conducted to
summarize the global research and to evaluate the potential
diagnostic value of miRNAs in detecting endometrial
cancer. The aim of this systematic review is to provide
guidance for future researchers as to which aspects of
miRNA expression in EC warrants further exploration.

Compared endometrial cancer with ovarian cancer
Did not have a comparison group
Abstracts only
Only focused on sarcomas
Focused on the prediction of lymph node metastasis
and miRNA expression
In addition, no other potential articles from the
references of other reviews in the full-text screening
process were found. Finally, 26 articles were included in
this systematic review.

Study characteristics and quality assessment
The principal characteristics of the included studies
are outlined in Supplementary Table 1. In this review,
26 articles were included with a total of 2,110 women
of which 1,400 had endometrial cancer, 71 had either
simple or complex atypical hyperplasia and 639 women
had benign endometrium or polyps. The majority of
studies were conducted in Asia (12 articles), 8 in Europe
and 6 articles were conducted in United States/Canada.
There were 16 studies that detected miRNAs in tissue
specimens (Formalin-Fixed, Paraffin-Embedded (FFPE)
or fresh frozen tissue), 5 studies that used serum [15,
21–24], 1 study detected miRNA in plasma [25] and
1 study used urine as bio-fluid [26]. Two studies used
both tissue and plasma samples and one study used both
liquid based cytology (LBC) endometrial samples and
tissue samples [27]. The majority of the studies only
included endometrioid endometrial adenocarcinomas (13
articles), 6 did not specify which subtype they included
and 5 articles included all subtypes of EC (type I and II)
[15, 28–31]. Furthermore 1 article only included serous
endometrial carcinomas [32] and 1 article included
both serous endometrial carcinomas and endometrioid
endometrial carcinomas but no other EC subtypes [33]. All
studies used real-time quantitative reverse transcription
polymerase chain reaction (qRT-PCR) methods to detect
miRNA expression, either solely or after microarray or
Northern Blot analysis. The risk of bias and applicability
of these studies were evaluated based on QUADAS-2
and summarized in Figures 2 and 3. There was a high
risk of bias in all studies on patient selection, index test
and reference standard but a low risk of bias for flow and
timing. Furthermore, there were no applicability concerns
in any of the studies included in this review.

RESULTS
Study selection
The flow diagram of the selected studies is depicted
in Figure 1. The initial literature search identified 3,253
articles, from which 42 duplicates were excluded. Of the
remaining 3,211 articles, 3,142 were excluded based on
title and abstract screening. The search identified 69 full
texts, of which 43 articles were excluded for the following
reasons:
In vitro studies (using cell lines)
Not diagnostic
Only included patients after adjuvant radiotherapy
www.oncotarget.com

Differentially expressed miRNAs from ranking
A total of 106 differentially expressed miRNAs
were identified of which 19 were reported in at least two
studies. Out of these 106 miRNAs, 55 were upregulated
(Table 1). The most frequently found up-regulated
miRNA was miR-205, which was reported in 10 articles
and showed a mean fold change of 198.08 when tested
in 134 EC patients and 64 control patients. Furthermore
2011
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Differentially expressed miRNAs per specimen
type

miR-200c was reported in 8 articles to be up-regulated in
EC (mean fold change 27.99), in addition the following
miRNAs were reported in 5 articles: miR-223 (mean fold
change 40.17), miR-182 (mean fold change 11.41), miR183 (mean fold change 8.75) and miR-200a (mean fold
change 5.20).
Other promising up-regulated miRNAs listed in 3
articles were: miR-135b, miR-429, miR-141 and miR200b. MiRNAs only listed up-regulated in one or two
articles can be found in Table 1.
There was less consensus on miRNAs that are downregulated in women with endometrial cancer (Table 2),
with 44 different miRNAs being down-regulated.
However, all miRNAs were only reported in 1 article [15,
21, 30, 32, 34–39]. MiR-137 and miR-129-3p showed the
largest mean fold change (115.15 and 42.30 respectively)
but were only found in a small cohort (sample size EC
23 and sample size control 4 patients) [33]. MiR-410 was
found to have a mean fold change of 13.91 and was tested
in a slightly larger cohort (sample size EC 73 and sample
size control 31 patients) [35].
For 7 miRNAs (miR-203, miR-21, miR-204, miR-9,
miR-199b, miR-99a and miR-100) an inconsistent altered
expression was found (Table 3). MiR-203 was found
up-regulated in 3 studies with mean fold change 4.19,
however was also found down-regulated in one study
[23, 35, 40, 41].

The included articles were subdivided according to
specimen subtype: tissue specimens (19 articles), serum/
plasma (8 articles), urine (1 article) and LBC (1 article)
(Supplementary Tables 2–9). For tissue specimens, the
results were similar to the previously reported results
with the only difference being that miR-200c was listed
in 7 articles (previously 8) and miR-223 in 2 (previously
5). For serum/plasma samples miR-223 was most often
reported up-regulated in 3 studies, followed by miR-222,
miR-186 and miR-203 in 2 studies. MiR-205 was not
reported in serum/plasma samples to be deregulated.

Differentially expressed miRNAs per subtype EC
Furthermore, the articles were subdivided according
to EC subtype: looking at endometrioid (type I) versus
serous (type II) only, to distinguish if a miRNA signature
can be found per subtype. There were 12 studies looking
at endometrioid carcinoma only [24, 25, 35–38, 40,
42–45] and one study by Devor et al. who reported on
both endometrioid and serous carcinomas but reported the
subtypes separately [33]. There was only one other study
looking at serous carcinoma only [32]. For endometrioid
type tumours, data was in line with previously reported

Figure 1: PRISMA flow diagram.
www.oncotarget.com
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DISCUSSION

data; the most often up-regulated miRNA was miR-205
(cited in 7 articles), followed by miR-200c (6 articles),
miR-182, and -200a (5 articles), miR-183 (4 articles)
and miR-135b, -429, -141 and -223 (3 articles), data not
shown. For serous type endometrial carcinoma, miR-205
was found up-regulated in both studies, furthermore miR200c, -135a and -135b were up-regulated in one of the
two studies.

Endometrial cancer is the most common malignancy
of the female genital tract in developed countries with
rising incidence and mortality rates [46]. Although EC
is generally associated with good prognosis, patients
presenting with advanced or recurrent EC have poor
survival rates [6]. MiRNAs have been shown to play a

Figure 2: Summary of bias risk assessment results for QUADAS-2.
www.oncotarget.com
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Table 1: Up-regulated miRNAs reported in all studies in all specimen types with fold changes
MiRNA

Number of studies

Sample size EC

Sample size control

Mean fold change**

Studies with fold
change reported

miR-205

10

134

64

198.08

4

miR-200c

8

164

83

27.99

4

miR-223

5

144

99

40.17

3
3

miR-182

5

141

79

11.41

miR-183

5

141

79

8.75

2

miR-200a

5

155

89

5.20

4

miR-135b

3

96

35

35.59

2

miR-429

3

117

61

6.83

3
2

miR-141

3

103

51

4.25

miR-200b

3

103

51

3.86

2

miR-200a*

2

73

31

26.96

1

miR-222

2

26

22

19.16

1

miR-141-3p

2

77

68

15.36

2

miR-200c-3p

2

28

62

15.34

1

miR-186

2

26

22

11.39

1

miR-200b*

2

73

31

6.52

1
1

miR-15b

2

40

49

6.10

miR-106a

2

68

48

2.80

2

miR-135a

1

23

4

34.05

1

miR-205-5p

1

28

62

24.19

1

miR-182-5p

1

28

62

22.76

1
1

miR-200b-3p

1

28

62

16.19

miR-92a

1

73

31

15.63

1

miR-9-5p

1

16

34

15.05

1

miR-27a

1

40

49

5.63

1

miR-210

1

38

28

5.23

1

miR-96

1

73

31

4.27

1

miR-194

1

38

28

4.11

1

miR-95

1

38

28

4.09

1

miR-155

1

38

28

3.87

1

miR-18a*

1

30

20

3.65

1

miR-222-3p

1

12

28

3.43

1

miR-96-5p

1

49

6

3.20

1

miR-103

1

38

28

3.00

1
1

miR-151

1

38

28

2.85

miR-34a

1

30

20

2.63

1

miR-92a-1*

1

30

20

2.47

1

miR-887-5p

1

50

50

2.41

1

miR-20a*

1

30

20

2.34

1
1

miR-106b*

1

30

20

2.34

miR-449a

1

73

31

2.26

1

miR-17*

1

30

20

1.99

1

miR-185

1

30

20

1.85

1

miR-1228

1

73

31

1.18

1

miR-146

1

141

20

NR

0

miR-425

1

141

20

NR

0

miR-1290

1

73

31

NR

0
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miR-944

1

68

20

NR

0

miR-16

1

67

15

NR

0

miR-128a

1

67

15

NR

0
0

miR-148b

1

67

15

NR

miR-196a

1

67

15

NR

0

miR-301

1

67

15

NR

0

miR-582-5p

1

67

15

NR

0

miR-499

1

28

14

NR

0

NR = not reported, **mean fold change as found by qRT-PCR.

significant role in tumour genesis and progression and
therefore warrant a clinical potential as diagnostic and
prognostic marker in EC. In this review a systematic
search was conducted to identify the feasibility and overall
diagnostic value of miRNA expression in EC.
MiR-205 was most consistently found to be upregulated, with a differential expression reported among
ten studies and mean fold change of 198.08 [28, 31–
33, 35, 36, 40, 42, 44, 45]. MiR-205 is involved in the
regulation of PTEN expression in endometrial cancer
and leads to reduced cell apoptosis [47]. Furthermore,
miR-205 represses the tumour suppressor gene JPH4,
promoting tumorigenesis and tumour progression [47].
However, miR-205 is not only up-regulated in endometrial
cancer, but also in other cancer sites such as lung and
ovarian cancer [48, 49]. Therefore, miR-205 on its own
seems not adequate as a diagnostic test for the detection of
endometrial cancer. Lee et al. found a panel of six miRNAs
(miR-205, miR-200a, miR-200c, miR-182, miR-183 and
miR-21) to have an area under the curve (AUC) of 0.961,
sensitivity and specificity of 91% and 94% respectively
in discriminating endometrial cancers from hyperplasia or
normal tissue [45]. The results of this systematic review
confirm the importance of these miRNAs in endometrial
carcinogenesis.
MiR-200c and miR-200a were reported consistently
up-regulated in 8 and 5 studies respectively, in addition
miR-200b, miR-429 and miR-141 were reported upregulated in 3 studies. These miRNAs are part of the
miR-200 family, the expression and function of which

has been well documented in various tissues and has
been suggested to play an important role in inhibiting
cell malignant transformation and preventing tumour
initiation [50]. The miR-200 family targets the expression
of many genes, including ZEBs (Zinc finger E-boxbinding homeobox), which are the transcription factors
that regulate cellular transformation, more specifically
epithelial-to-mesenchymal transition (EMT), during
cancer development and progression through repression
of adhesion molecules such as E-cadherin [51]. Members
of the miR-200 family also host diagnostic and prognostic
potential in other cancer sites such as gastric, ovarian, lung
and colorectal cancer [52–55].
Furthermore, miR-182, miR-183 and miR-223 were
found up-regulated in 5 articles and miR-135b was found
to be up-regulated in 3 articles. MiR-182 promotes cell
proliferation by targeting the tumour suppressor gene
TCEAL7, miR-183 targets CPEB1 while miR-223 targets
IGF-1R [56–58]. MiR-135b targets FOXO1 to promote
cell proliferation in EC cells [59]. These miRNAs are
also up-regulated in patients with non-small cell lung
cancer, colorectal, prostate and pancreatic cancer [60–
62]. In addition, a recent systematic review by Delangle
et al. found miR-182 and miR-183 to be associated
with poorer prognosis in terms of overall survival and
recurrence-free survival in endometrial cancer [63]. They
therefore conclude that miRNA analysis merits a role as a
prognostic factor in the management of patients with EC.
For other gynaecological cancer sites such as ovarian and
cervical cancer the diagnostic and prognostic significance

Figure 3: Quality of included studies according to QUADAS-2 guidelines.
www.oncotarget.com
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Table 2: Down-regulated miRNAs reported in all studies in all specimen types with fold changes
MiRNA

Number of
studies

Sample size EC

Sample size control

Mean fold change**

Studies with fold
change reported

miR-137

1

23

4

115.15

1

miR-129-3p

1

23

4

42.30

1

miR-410

1

73

31

13.91

1

miR-503

1

14

10

8.60

1

miR-1247

1

30

20

5.31

1

miR-376c

1

30

20

3.64

1

miR-377

1

30

20

3.34

1

miR-26a-5p

1

49

6

3.10

1

miR-214

1

30

20

2.90

1

miR-150-5p

1

49

6

2.70

1

miR-370

1

30

20

2.68

1

let-7f-5p

1

49

6

2.60

1

miR-26b-5p

1

49

6

2.60

1

let-7c-5p

1

49

6

2.50

1

miR-23b-3p

1

49

6

2.40

1

miR-125b-5p

1

49

6

2.30

1

miR-126-3p

1

49

6

2.30

1

miR-195-5p

1

49

6

2.20

1

miR-424-5p

1

49

6

2.20

1

miR-374a-5p

1

49

6

2.10

1

let-7a-5p

1

49

6

2.00

1

let-7e-5p

1

49

6

2.00

1

miR-125a-5p

1

49

6

2.00

1

miR-542-5p

1

14

10

2.00

1

miR-337-5p

1

30

20

1.94

1

miR-1305

1

73

31

1.77

1

miR-758

1

30

20

1.61

1

miR-300

1

30

20

1.56

1

miR-93

1

176

100

NR

0

miR-125

1

67

15

NR

0

miR-34

1

67

15

NR

0

miR-30a-3p

1

40

26

NR

0

miR-301b

1

34

14

NR

0

miR-10b

1

28

14

NR

0

miR-195

1

28

14

NR

0

miR-30a-5p

1

28

14

NR

0

miR-101

1

21

7

NR

0

miR-10b*

1

21

7

NR

0

miR-133a

1

21

7

NR

0

miR-133b

1

21

7

NR

0

miR-152

1

21

7

NR

1

miR-29b

1

21

7

NR

0

miR-34b

1

21

7

NR

0

miR-411

1

21

7

NR

0

NR = not reported,

**

mean fold change as found by qRT-PCR.
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Table 3: MiRNAs with inconsistent direction of change
MiRNA

Number of studies

Up/downregulation

Sample size EC

Sample size
control

Mean fold change**

Studies with fold
change reported

miR-203

3

Up

111

59

4.19

2

1

Down

60

10

0.073

1

1

Up

67

15

NR

0

1

Down

40

26

NR

0

1

Up

26

22

5.79

1

1

Down

46

28

NR

0

1

Up

73

31

5.46

1

1

Down

34

14

NR

0

1

Up

4

14

2.89

1

1

Down

73

31

3.52

1

1

Up

4

14

1.96

1

1

Down

73

31

3.29

1

miR-21
miR-204
miR-9
miR-199b
miR-99a
miR-100

1

Up

4

14

1.65

1

1

Down

73

31

2.56

1

NR = not reported, mean fold change as found by qRT-PCR.
**

of different panels of miRNAs have been investigated and
also show promising results [19, 64].
The distinct panel identified in this systematic
review (miR-205, the miR-200 family, miR-135b,
-182, -183, and -223) is promising in the detection of
endometrial cancer. However, some of the same miRNAs
are also upregulated in colorectal cancer, therefore, we
suggest that these miRNAs may be used in the diagnosis
of women presenting with specific symptoms such as
abnormal or postmenopausal bleeding.
Since miRNAs can be detected in a huge variety of
bodily fluids including urine and since miRNAs are stable
in urine, urine seems like a promising non-invasive test
for the detection of EC [65]. Urinary miRNAs have shown
potential in the detection of bladder and prostate cancer
[66, 67], however in EC only one study has used urine
for the detection of miRNA [26]. In addition, Zavesky et
al. compared urinary miRNA expression levels of preand post-surgery ovarian cancer samples and between
patients with ovarian and endometrial cancer (n = 10)
and healthy controls and proposed urinary miRNA should
be further investigated to test the diagnostic potential of
urine miRNAs in gynaecological cancers [68]. A urinary
diagnostic test will potentially allow for easier access
to care, help reduce anxiety among women and could
prevent the need for painful biopsies. Another potential is
possibly reducing the burden of travelling long distances
to the hospital and costs for patients. In addition, if fewer
patients need to be referred to the hospitals this will have a
potential cost reduction implication. Further studies should
therefore determine if urinary miRNA detection is a valid
non-invasive way of reliably detecting EC.
In addition to the need for new biomarkers to
detect endometrial carcinoma, there is also the need
for these biomarkers to accurately distinguish between
www.oncotarget.com

low (grade 1 and grade 2) or high grade (grade 3)
endometrioid endometrial carcinoma (EEC) [69]. Ratner
et al. reported unique miRNA signatures for endometrial
type I endometrioid carcinomas, type II papillary serous
carcinomas and uterine carcinomas, but no difference
between grade 1 and grade 3 endometrioid tumours
[70]. Further research may help determine if miRNA can
accurately distinguish low grade EEC from high grade
EEC.
Furthermore, there is an increasing interest in
improving the preoperative classification of EC, in order to
allow for non-invasive and more precise diagnostic options
for patients. In 2013, the Cancer Genome Atlas proposed
an additional division of EC into four molecular subtypes:
Polymerase-ε (POLE) ultramutated, microsatellite
instability (MSI) hypermutated, copy-number (CN) low
and CN high [71]. CN low include most endometrioid
tumours and are frequently associated with mutations in
PTEN, CTNNB1, PIK3CA, ARID1A and KRAS, whereas
CN high include serous tumours and 25% of high grade
endometroid tumours [72]. POLE and MSI mutated EC
tumours show better survival outcomes [71]. Since miR205 is involved in the regulation of PTEN expression in
endometrial cancer, miRNA detection could potentially
be of use in a molecular based classification system for
correct preoperative diagnosis and classification of EC.
Although these findings are encouraging, the main
limitations to the usage of miRNAs include different
platforms of miRNA profiling, including microarray,
next generation sequencing and RT-qPCR, which leads
to inconsistency and difficulties in comparing results
[73]. It is difficult to compare data gained with different
miRNA profiling platforms, as they are only somewhat
reproducible and even intraplatform variation is common
[74]. Due to differences in the accuracy, reproducibility,
2017
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sensitivity and specificity of PCR kits, the reproducibility
of miRNA detection and quantification is relatively low
[75]. Furthermore, most miRNAs are not cancer type
specific, therefore an EC specific miRNA signature
needs further testing to determine if these miRNAs
can accurately distinguish EC from benign tissue. This
systematic review has shown the most promising miRNAs
to be miR-205, -200a, -200b, -200c, -141, -429, -135b,
-182, -183 and -223 and therefore need further testing.
The strengths of this study include a
comprehensive systematic search performed by two
reviewers independently. In addition, to improve
comparability, we have only included studies in this
review that used RT-qPCR for miRNA detection.
Furthermore, all included studies varied in the subtype
EC which they assessed; some studies included only type
I (endometrioid tumours), others only type II (all other
tumours) and some studies combined the two subtypes
in their analyses, even though type I and type II vary
in pathophysiology and prognosis. However, when
subdividing the articles into endometrioid versus serous
endometrial carcinoma, the data found seems in line with
data found when combining subtypes.
The limitations to this systematic review are the
following; there is a high heterogeneity in methodologies
used (different platforms, analysis software and
normalisation strategies) and specimen samples (FFPE,
fresh frozen tissue, serum, plasma, urine, LBC) among the
different studies included. When subdividing the articles
per specimen type, we found a different expression for
tissue specimens compared to serum/plasma samples.
In addition, the majority of studies only included small
sample sizes. Finally, the majority of studies were
conducted in Asia and no studies were conducted in
Africa, South-America or Oceania.
In conclusion, this systematic review shows that
miRNAs are potential promising biomarkers for the
diagnosis of EC, however no sufficient high-quality
evidence is available to draw hard conclusions. The
combination of miR-205, the miR-200 family, miR-135b,
-182, -183 and -223 needs further testing in larger studies
with standardised protocols to improve the accuracy of
using these miRNAs in diagnosing EC in the future. In
addition, the potential of urine as a non-invasive biofluid
should be investigated.

MATERIALS AND METHODS

Clinical significance

Data extraction

MiRNA can potentially be used in low resource
settings where there is lack of trained histopathologists.
In addition, a urinary miRNA test can potentially be used
as a non-invasive test for the detection of EC. This will
allow for easier access to care and reduction of travelling
long distances to the hospital for patients. It could mean
a cost reduction for the hospital, if patients can be seen in
the community instead of hospitals.

Data extraction was completed by two reviewers
(HD and KG) and disagreements were resolved by
consensus. The necessary information and data were
extracted from the final eligible articles as follows: first
author, year of publication, country of origin, number of
cases and controls, histology type, miRNA expression test
methods, type of specimens, cut-off values, expression
changes and sensitivity and specificity.

www.oncotarget.com

Search strategy
This review was performed according to Preferred
Reporting Items for Systematic reviews and MetaAnalyses (PRISMA) guidelines, and in accordance with
the principles outlined in the Cochrane Handbook [76].
Systematic searches were performed in Medline (1946
until May 2019), Embase (1980 until May 2019) and
Cinahl (1981 until May 2019) and the Cochrane Controlled
Register of Trials with the following terms: (‘microRNA’
OR ‘miRNA’ OR ‘miR’) AND (‘endometrial cancer’ OR
‘endometrial carcinoma’ OR ‘endometrial neoplasm’ OR
‘uter* carcinoma’ OR ‘uter* cancer’ OR ‘uter* neoplasm’).
Search strategies were adapted accordingly to each
database. In addition, grey literature was searched including
abstracts of scientific meetings as well as manually
checking the reference lists of eligible studies to identify
any additional studies to include in this review.

Study inclusion/exclusion criteria
Studies were considered eligible if publications
met all the following criteria: (1) the study concerned the
diagnostic value of miRNAs; (2) histological subtype was
specified as primary endometrial cancer; (3) studies used
real-time quantitative reverse transcription polymerase
chain reaction (qRT-PCR) techniques to detect miRNA
expression, (4) the study was in English; (5) the study
was conducted in human subjects; (6) the study was not
a review, abstract or editorial article. Cell line models
were excluded due to the limitations cell lines models
have in terms of the in vitro adaptation of cells to culture
conditions, which sometimes leads to the discrepancy
between the experimental and clinical outcomes [77].

Study selection
Two reviewers (HD and KG) independently
assessed titles and abstracts of all identified studies. Those
studies that clearly did not meet the inclusion criteria were
excluded. Potentially relevant studies were retrieved in
full text and were further reviewed for eligibility by both
reviewers.
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Trial quality assessment
The methodological qualities of the selected eligible
articles were assessed by the Quality Assessment of
Diagnostic Accuracy Studies 2 (QUADAS-2) score system
[78]. The QUADAS-2 tool combines the patient selection
index, index test, reference standard, flow and timing to
evaluate risk of bias and applicability. The seven items
(four items on bias risk and three items on applicability)
were assessed for all included articles. Two authors
independently tested the pilot QUADAS-2 items (HD and
KG) and discrepancies were resolved by consensus.
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REFERENCES
1. NCIN. Outline of Uterine Cancer in the United Kingdom:
Incidence. Mortality and Survival; 2013.
2. Setiawan VW, Yang HP, Pike MC, Mccann SE, Yu H, Xiang
Y, Wolk A, Wentzensen N, Weiss NS, Webb PM, Brandt
PA Van Den, Strom BL, Spurdle AB, et al. Type I and II
Endometrial Cancers: Have They Different Risk Factors? J
Clin Oncol. 2013; 31:2607–2618. https://doi.org/10.1200/
JCO.2012.48.2596. [PubMed]

Ranking of miRNA
In order to collect and sum up the results of the
included studies, the vote-counting strategy was used
[79]. The vote-counting strategy ranks biomarkers on the
basis of one principal and two secondary criteria and is
the most common and most frequently cited strategy to
rank biomarker candidates systematically [79, 80]. The
principal criterion is made up of the number of studies
in which each study showing significant differential
expression in the same direction (either up- or downregulated) for a biomarker counts as a vote in favour of
that biomarker being real. The secondary criteria are (1)
total sample size summed across all of the supporting
studies (the assumption being that larger studies tend to be
more reliable) and (2) mean fold change (based on the idea
that large differences in biomarker expression are more
likely to be confirmed than small differences).

3. Black C, Feng A, Bittinger S, Quinn M, Chb MB, Neesham
D, Mcnally O. Uterine Papillary Serous Carcinoma A SingleInstitution Review of 62 Cases. Int J Gynecol Cancer. 2016;
26:133–40. https://doi.org/10.1097/IGC.0000000000000569.
[PubMed]
4. Gottwald L, Pluta P, Piekarski J, Spych M, Hendzel K,
Topczewska-tylinska K, Nejc D, Bibik R, Korczyński J.
Long-term survival of endometrioid endometrial cancer
patients. Arch Med Sci. 2010; 6:937–44. https://doi.
org/10.5114/aoms.2010.19305. [PubMed]
5. Tarone RE, Chu KC. Age-period-cohort analyses of breast-,
ovarian-, endometrial- and cervical-cancer mortality rates
for Caucasian women in the USA. J Epidemiol Biostat.
2000; 5:221–31. [PubMed]
6. Van Wijk FH, Huikeshoven FJ, Abdulkadir L, Ewing PC,
Burger CW. Stage III and IV endometrial cancer: A 20-year
review of patients. Int J Gynecol Cancer. 2006; 16:1648–55.
https://doi.org/10.1111/j.1525-1438.2006.00639.x. [PubMed]

Abbreviations

7. Van Den Bosch T, Verguts J, Daemen A, Gevaert O, Domali
E, Claerhout F, Vandenbroucke V, De Moor B, Deprest J,
Timmerman D. Pain experienced during transvaginal
ultrasound, saline contrast sonohysterography, hysteroscopy
and office sampling: A comparative study. Ultrasound
Obstet Gynecol. 2008; 31:346–51. https://doi.org/10.1002/
uog.5263. [PubMed]

AUC: area under the curve; EC: endometrial cancer;
EEC: endometrioid endometrial carcinoma; EMT: epithelialto-mesenchymal transition; FFPE: Formalin-Fixed,
Paraffin-Embedded; LBC: liquid based cytology; MiRNAs:
microRNAs; qRT-PCR: real-time quantitative reverse
transcription polymerase chain reaction; QUADAS-2: Quality
Assessment of Diagnostic Accuracy Studies 2; UK: United
Kingdom; ZEBs: Zinc finger E-box-binding homeobox.

8. Leclair CM, Zia JK, Doom CM, Morgan TK, Edelman
AB. Pain experienced using two different methods of
endometrial biopsy: A randomized controlled trial. Obstet
Gynecol. 2011; 117:636–41. https://doi.org/10.1097/
AOG.0b013e31820ad45b. [PubMed]

Author contributions
HD designed the study, performed the systematic
search, assessed eligibility of the articles and wrote the
manuscript with input from all authors. RB contributed
to the design of the study and edited the manuscript. KG
designed the study, assessed eligibility of the articles,
edited and wrote sections of the manuscript. All authors
approved the final manuscript.

9. Visser NC, Breijer MC, Herman MC, Bekkers RL,
Veersema S, Opmeer BC, Mol BW, Timmermans A,
Pijnenborg JM. Factors attributing to the failure of
endometrial sampling in women with postmenopausal
bleeding. Acta Obstet Gynecol Scand. 2013; 92:1216–22.
https://doi.org/10.1111/aogs.12212. [PubMed]
10. Iorio MV, Croce CM. MicroRNA dysregulation in cancer:
diagnostics, monitoring and therapeutics. A comprehensive
review. EMBO Mol Med. 2012; 4:143–59. https://doi.
org/10.1002/emmm.201100209. [PubMed]

CONFLICTS OF INTEREST
The authors declare no potential conflicts of interest.
www.oncotarget.com

2019

Oncotarget

11. Hammond S. An overview of microRNAs. Adv Drug
Deliv Rev. 2015; 87:3–14. https://doi.org/10.1016/j.
addr.2015.05.001. [PubMed]

Cancer. 2016; 26:1143–7. https://doi.org/10.1097/
IGC.0000000000000730. [PubMed]

12. Tüfekci KU, Öner MG, Meuwissen RL, Genç Ş. The role
of microRNAs in human diseases. Methods Mol Biol. 2014;
1107:33–50. https://doi.org/10.1007/978-1-62703-748-8_3.
[PubMed]

23. Benati M, Montagnana M, Danese E, Paviati E, Giudici S,
Franchi M, Lippi G. Evaluation of MiR-203 expression levels
and DNA promoter methylation status in serum of patients
with endometrial cancer. Clin Lab. 2017; 63:1675–1681.
https://doi.org/10.7754/Clin.Lab.2017.170421. [PubMed]

13. Gasparri ML, Casorelli A, Bardhi E, Besharat AR, Savone
D, Ruscito I, Farooqi AA, Papadia A, Mueller MD, Ferretti
E, Panici PB. Beyond circulating microRNA biomarkers:
Urinary microRNAs in ovarian and breast cancer.
Tumour Biol. 2017; 39:1010428317695525. https://doi.
org/10.1177/1010428317695525. [PubMed]

24. Jia W, Wu Y, Zhang Q, Gao GE, Zhang C, Xiang Y.
Identification of four serum microRNAs from a genomewide serum microRNA expression profile as potential noninvasive biomarkers for endometrioid endometrial cancer.
Oncol Lett. 2013; 6:261–67. https://doi.org/10.3892/
ol.2013.1338. [PubMed]

14. Akao Y, Nakagawa Y, Hirata I, Iio A, Itoh T, Kojima K,
Nakashima R, Kitade Y, Naoe T. Role of anti-oncomirs
miR-143 and -145 in human colorectal tumors. Cancer
Gene Ther. 2010; 17:398–408. https://doi.org/10.1038/
cgt.2009.88. [PubMed]

25. Wang L, Chen Y, Xu K, Xu H, Shen X, Tu R. Circulating
microRNAs as a Fingerprint for Endometrial Endometrioid
Adenocarcinoma. PLoS One. 2014; 9:e110767. https://doi.
org/10.1371/journal.pone.0110767. [PubMed]
26. Srivastava A, Moxley K, Ruskin R, Dhanasekaran DN, Zhao
YD, Ramesh R. A Non-invasive Liquid Biopsy Screening
of Urine-Derived Exosomes for miRNAs as Biomarkers in
Endometrial Cancer Patients. AAPS J. 2018; 20:82. https://
doi.org/10.1208/s12248-018-0220-y. [PubMed]

15. Montagnana M, Benati M, Danese E, Giudici S,
Perfranceschi M, Ruzzenenete O, Salvagno GL, Bassi
A, Gelati M, Paviati E, Guidi GC, Franchi M. Aberrant
MicroRNA Expression in Patients With Endometrial
Cancer. Int J Gynecol Cancer. 2017; 27:459–466. https://
doi.org/10.1097/IGC.0000000000000913. [PubMed]

27. Kottaridi C, Spathis A, Margari N, Koureas N, Terzakis E,
Chrelias C, Pappas A, Bilirakis E, Pouliakis A, Ioannis J.
Evaluation Analysis of miRNAs Overexpression in LiquidBased Cytology Endometrial Samples. J Cancer. 2017;
8:2699–2703. https://doi.org/10.7150/jca.19947. [PubMed]

16. Eismann J, Hirschfeld M, Erbes T, Rücker G, Jäger M,
Ritter A, Weiss D, Gitsch G, Mayer S. Hypoxia-and
acidosis-driven aberrations of secreted microRNAs in
endometrial cancer in vitro. Oncol Rep. 2017; 38:993–1004.
https://doi.org/10.3892/or.2017.5717. [PubMed]

28. Karaayvaz M, Zhang C, Liang S, Shroyer KR, Ju J.
Prognostic Significance of miR-205 in Endometrial Cancer.
PLoS One. 2012; 7:e35158. https://doi.org/10.1371/journal.
pone.0035158. [PubMed]

17. Szymanski M, Barciszewska MZ, Erdmann VA,
Barciszewski J. A new frontier for molecular medicine:
Noncoding RNAs. Biochim Biophys Acta. 2005; 1756:65–
75. https://doi.org/10.1016/j.bbcan.2005.07.005. [PubMed]

29. He Z, Xu H, Meng Y, Kuang Y. miR-944 acts as a prognostic
marker and promotes the tumor progression in endometrial
cancer. Biomed Pharmacother. 2017; 88:902–910. https://
doi.org/10.1016/j.biopha.2017.01.117. [PubMed]

18. Sun X, Zhou X, Zhang Y, Zhu X, Liu H. Systematic Review and
Meta-Analysis of Diagnostic Accuracy of miRNAs in Patients
with Pancreatic Cancer. Dis Markers. 2018; 2018:6292396.
https://doi.org/10.1155/2018/6292396. [PubMed]

30. Lu L, Shen Y, Tseng K, Jiang L, Liu W, Duan H, Meng W.
Oncogenic function of miR-301 to predicts poor prognosis
of endometrial cancer. Int J Clin Exp Med. 2016; 9:12937–
12942.

19. Wang X, Kong D, Wang C, Ding X, Zhang L, Zhao M, Chen
J, Xu X, Hu X, Yang J, Gao S. Circulating microRNAs as
novel potential diagnostic biomarkers for ovarian cancer:
A systematic review and updated meta-analysis. J Ovarian
Res. 2019; 12:24. https://doi.org/10.1186/s13048-019-04828. [PubMed]

31. Cohn DE, Fabbri M, Valeri N, Alder H, Ivanov I, Liu
CG, Croce CM, Resnick KE. Comprehensive miRNA
profiling of surgically staged endometrial cancer. Am J
Obstet Gynecol. 2010; 202:656.e1–656.e8. https://doi.
org/10.1016/j.ajog.2010.02.051. [PubMed]

20. Lan H, Lu H, Wang X, Jin H. MicroRNAs as potential
biomarkers in cancer: Opportunities and challenges.
Biomed Res Int. 2015; 2015:125094. https://doi.
org/10.1155/2015/125094. [PubMed]

32. Hiroki E, Akahira JI, Suzuki F, Nagase S, Ito K, Suzuki T,
Sasano H, Yaegashi N. Changes in microRNA expression
levels correlate with clinicopathological features and
prognoses in endometrial serous adenocarcinomas. Cancer
Sci. 2010; 101:241–249. https://doi.org/10.1111/j.13497006.2009.01385.x. [PubMed]

21. Fang S, Gao M, Xiong S, Chen Q, Zhang H. Expression
of serum Hsa-miR-93 in uterine cancer and its clinical
significance. Oncol Lett. 2018; 15:9896–9900. https://doi.
org/10.3892/ol.2018.8553. [PubMed]

33. Devor EJ, Hovey AM, Goodheart MJ, Ramachandran
S, Leslie KK. MicroRNA expression profiling of
endometrial endometrioid adenocarcinomas and serous
adenocarcinomas reveals profiles containing shared, unique

22. Jiang Y, Wang N, Yin D, Li YK, Guo L, Shi LP, Huang
X. Changes in the Expression of Serum MiR-887-5p
in Patients With Endometrial Cancer. Int J Gynecol
www.oncotarget.com

2020

Oncotarget

and differentiating groups of microRNAs. Oncol Rep.
2011; 26:995–1002. https://doi.org/10.3892/or.2011.1372.
[PubMed]

44. Wilczynski M, Danielska J, Dzieniecka M, Szymanska
B. Prognostic and Clinical Significance of miRNA-205
in Endometrioid Endometrial Cancer. PLoS One. 2016;
11:e0164687. https://doi.org/10.1371/journal.pone.0164687.
[PubMed]

34. Jayaraman M, Radhakrishnan R, Cara A. Identification
of novel diagnostic and prognostic miRNA signatures
in endometrial cancer. Genes Cancer. 2017; 8:566–576.
https://doi.org/10.18632/genesandcancer.144. [PubMed]

45. Lee H, Choi HJ, Kang CS, Lee HJ, Lee WS, Park CS.
Expression of miRNAs and PTEN in endometrial specimens
ranging from histologically normal to hyperplasia and
endometrial adenocarcinoma. Mod Pathol. 2012; 25:1508–
1515. https://doi.org/10.1038/modpathol.2012.111. [PubMed]

35. Torres A, Torres K, Pesci A, Ceccaroni M, Paszkowski T,
Cassandrini P, Zamboni G, Maciejewski R. Diagnostic and
prognostic significance of miRNA signatures in tissues and
plasma of endometrioid endometrial carcinoma patients.
Int J Cancer. 2013; 132:1633–45. https://doi.org/10.1002/
ijc.27840. [PubMed]
36. Tsukamoto O, Miura K, Mishima H, Abe S, Kaneuchi M,
Higashijima A, Miura S, Kinoshita A, Yoshiura K, Masuzaki
H. Identification of endometrioid endometrial carcinomaassociated microRNAs in tissue and plasma. Gynecol
Oncol. 2014; 132:715–721. https://doi.org/10.1016/j.
ygyno.2014.01.029. [PubMed]
37. Snowdon J, Zhang X, Childs T, Tron VA, Feilotter H.
The microRNA-200 family is upregulated in endometrial
carcinoma. PLoS One. 2011; 6:e22828. https://doi.
org/10.1371/journal.pone.0022828. [PubMed]
38. Jurcevic S, Klinga-levan K, Olsson B, Ejeskär K.
Verification of microRNA expression in human endometrial
adenocarcinoma. BMC Cancer. 2016; 16:261. https://doi.
org/10.1186/s12885-016-2296-z. [PubMed]
39. Torres A, Torres K, Pesci A, Ceccaroni M, Paszkowski T,
Cassandrini P, Zamboni G, Maciejewski R. Deregulation
of miR-100, miR-99a and miR-199b in tissues and plasma
coexists with increased expression of mTOR kinase in
endometrioid endometrial carcinoma. BMC Cancer. 2012;
12:369. https://doi.org/10.1186/1471-2407-12-369. [PubMed]
40. Chung TK, Cheung TH, Huen NY, Wong KW, Lo KW,
Yim SF, Siu NS, Wong YM, Tsang PT, Pang MW, Yu MY,
To KF, Mok SC, et al. Dysregulated microRNAs and their
predicted targets associated with endometrioid endometrial
adenocarcinoma in Hong Kong women. Int J Cancer. 2009;
124:1358–1365. https://doi.org/10.1002/ijc.24071. [PubMed]
41. Al-deresawi MS, Alfaisal AHM, Al SR, Fahad IA.
Hypermethylation of miR-203 and overexpression of
SOX4 are new methods for prediction of Endometrial
adenocarcinoma. J Pharm Sci Res. 2018; 10:3128–3132.
42. Wilczynski M, Danielska J, Domanska-Senderowska D,
Szymanska B, Malinowski A, Gynecology E, Wilczynski
M. Association of miRNA-200c expression levels with
clinicopathological factors and prognosis in endometrioid
endometrial cancer. Acta Obstet Gynecol Scand. 2018;
97:560–9. https://doi.org/10.1111/aogs.13306. [PubMed]

46. Henley S, Miller J, Dowling N, Benard V, Richardson L.
Uterine Cancer Incidence and Mortality - United States,
1999–2016. MMWR Morb Mortal Wkly Rep. 2018;
67:1333–1338. https://doi.org/10.15585/mmwr.mm6748a1.
[PubMed]
47. Sianou A, Galyfos G, Moragianni D, Andromidas P,
Kaparos G, Baka S, Kouskouni E. The role of microRNAs
in the pathogenesis of endometrial cancer: a systematic
review. Arch Gynecol Obstet. 2015; 292:271–82. https://
doi.org/10.1007/s00404-015-3660-y. [PubMed]
48. Li J, Sun S, Li N, Lv P, Xie S, Wang P. MiR-205 as a
promising biomarker in the diagnosis and prognosis of
lung cancer. Oncotarget. 2017; 8:91938–49. https://doi.
org/10.18632/oncotarget.20262. [PubMed]
49. Mm WW, Yin Y, Mm XS, Zhou X, Liu P, Cao Q, Mm DZ,
Zhang J, Zhu W. The Value of Plasma-Based MicroRNAs
as Diagnostic Biomarkers for Ovarian Cancer. Am J
Med Sci. 2019; 358:256–267. https://doi.org/10.1016/j.
amjms.2019.07.005. [PubMed]
50. Humphries B, Yang C. The microRNA-200 family:
small molecules with novel roles in cancer development,
progression and therapy. Oncotarget. 2015; 6:6472–98.
https://doi.org/10.18632/oncotarget.3052. [PubMed]
51. Davalos V. Opening the treasure chest of miR-200s family
members Cell Cycle News & Views HPV E6 oncoprotein
prevents recovery of stalled replication forks independently
of p53 degradation A new means to deal with ends Heat
shock protein regulation. Cell Cycle. 2016; 4101.
52. Liu C, Hu W, Li L, Wang Y, Zhou Q, Zhang F. Roles of
miR-200 family members in lung cancer: more than tumor
suppressors. Future Oncol. 2018; 14:2875–2886. https://doi.
org/10.2217/fon-2018-0155. [PubMed]
53. Huang Z, Guo X, Zhang G, Liang L, Nong B. The Diagnostic
and Prognostic Value of miR-200c in Gastric Cancer: A
Meta-Analysis. Dis Markers. 2019; 2019:8949618. https://
doi.org/10.1155/2019/8949618. [PubMed]
54. Koutsaki M, Libra M, Spandidos DA, Zaravinos A. The
miR-200 family in ovarian cancer. Oncotarget. 2017;
8:66629–40. https://doi.org/10.18632/oncotarget.18343.
[PubMed]

43. Lee TS, Jeon HW, Kim YB, Kim YA, Kim MA, Kang SB.
Aberrant MicroRNA Expression in Endometrial Carcinoma
Using Formalin-Fixed Paraffin-Embedded (FFPE) Tissues.
PLoS One. 2013; 8:e81421. https://doi.org/10.1371/journal.
pone.0081421. [PubMed]

www.oncotarget.com

55. O’Brien SJ, Carter J V, Burton JF, Oxford BG, Schmidt MN,
Hallion JC, Galandiuk S. The role of the miR-200 family
in epithelial-mesenchymal transition in colorectal cancer: a

2021

Oncotarget

systematic review. Int J Cancer. 2017; 142:2501–11. https://
doi.org/10.1002/ijc.31282. [PubMed]

67. Fredsøe J, Rasmussen AKI, Thomsen AR, Mouritzen
P, Høyer S, Borre M, Ørntoft TF, Sørensen KD, Catto J.
Diagnostic and Prognostic MicroRNA Biomarkers for
Prostate Cancer in Cell-free Urine. Eur Urol Focus. 2018;
4:825–833.
https://doi.org/10.1016/j.euf.2017.02.018.
[PubMed]

56. Guo Y, Liao Y, Jia C, Ren J, Wang J, Li T. MicroRNA-182
Promotes Tumor Cell Growth by Targeting Transcription
Elongation Factor A-like 7 in Endometrial Carcinoma.
Cell Physiol Biochem. 2013; 32:581–590. https://doi.
org/10.1159/000354462. [PubMed]

68. Záveský L, Jandáková E, Turyna R, Langmeierová L,
Weinberger V, Drábková L, Hůlková M. Evaluation of CellFree Urine microRNAs Expression for the Use in Diagnosis
of Ovarian and Endometrial Cancers. A Pilot Study. Pathol
Oncol Res. 2015; 21:1027–1035. https://doi.org/10.1007/
s12253-015-9914-y. [PubMed]

57. Xiong H, Chen R, Liu S, Lin Q, Chen H, Jiang Q.
MicroRNA-183 induces epithelial-mesenchymal transition
and promotes endometrial cancer cell migration and invasion
in by targeting CPEB1. J Cell Biochem. 2018; 119:8123–
8137. https://doi.org/10.1002/jcb.26763. [PubMed]

69. Soslow RA, Tornos C, Park KJ, Malpica A, MatiasGuiu X, Oliva E, Parkash V, Carlson J, McCluggage
WG, Gilks CB. Endometrial Carcinoma Diagnosis:
Use of FIGO Grading and Genomic Subcategories in
Clinical Practice: Recommendations of the International
Society of Gynecological Pathologists. Int J Gynecol
Pathol. 2019; 38:S64–S74. https://doi.org/10.1097/
PGP.0000000000000518. [PubMed]

58. Huang K, Dong X, Sui C, Hu D, Xiong T, Liao S, Zhang
H. MiR-223 suppresses endometrial carcinoma cells
proliferation by targeting IGF-1R. Am J Transl Res. 2014;
6:841–9. [PubMed]
59. Yue Z, Shen J, Huang Q, Qin Y, Li X, Liu G. [MiR-135b
promotes proliferation of endometrial carcinoma cells by
targeting FOXO1]. [Article in Chinese]. Nan Fang Yi Ke
Da Xue Xue Bao. 2016; 36:675–80. [PubMed]

70. Ratner ES, Tuck D, Richter C, Nallur S, Patel RM, Schultz
V, Hui P, Schwartz PE, Rutherford TJ, Weidhaas JB.
MicroRNA signatures differentiate uterine cancer tumor
subtypes. Gynecol Oncol. 2010; 118:251–257. https://doi.
org/10.1016/j.ygyno.2010.05.010. [PubMed]

60. Wang F, Zhong S, Zhang H, Zhang W, Zhang H, Wu X,
Chen B. Prognostic Value of MicroRNA-182 in Cancers: A
Meta-Analysis. Dis Markers. 2015; 2015:482146. https://
doi.org/10.1155/2015/482146. [PubMed]
61. Liu X, Xu T, Hu X, Chen X, Zeng K, Sun L, Wang
S. Elevated circulating miR-182 acts as a diagnostic
biomarker for early colorectal cancer. Cancer Manag Res.
2018; 10:857–65. https://doi.org/10.2147/CMAR.S158016.
[PubMed]

71. Talhouk A, McAlpine JN. New classification of endometrial
cancers: the development and potential applications of
genomic-based classification in research and clinical
care. Gynecol Oncol Res Pract. 2016; 3:14. https://doi.
org/10.1186/s40661-016-0035-4. [PubMed]

62. Zhu W, Zhou K, Zha Y, Chen D, He J, Ma H. Diagnostic
Value of Serum miR-182, miR-183, miR-210, and miR126 Levels in Patients with Early-Stage Non-Small Cell
Lung Cancer. PLoS One. 2016; 11:e0153046. https://doi.
org/10.1371/journal.pone.0153046. [PubMed]

72. Tucci C Di, Capone C, Galati G, Iacobelli V, Schiavi MC,
Donato V Di, Muzii L. Immunotherapy in endometrial
cancer: new scenarios on the horizon. J Gynecol Oncol.
2019; 30:e46. https://doi.org/10.3802/jgo.2019.30.e46.
[PubMed]

63. Delangle R, Foucher T De, Larsen AK, Sabbah M, Azais
H, Bendifallah S, Darai E, Ballester M, Mehats C, Uzan C,
Canlorbe G. The Use of microRNAs in the Management
of Endometrial Cancer: A Meta-Analysis. Cancers (Basel).
2019; 11:E832. https://doi.org/10.3390/cancers11060832.
[PubMed]

73. Schmittgen TD, Lee EJ, Jiang J, Sarkar A, Yang L, Elton
TS, Chen C. Real-time PCR quantification of precursor and
mature microRNA. Methods. 2008; 44:31–8. https://doi.
org/10.1016/j.ymeth.2007.09.006. [PubMed]
74. Baker M. MicroRNA profiling: separating signal from
noise. Nat Methods. 2010; 7:687–692. https://doi.
org/10.1038/nmeth0910-687. [PubMed]

64. Chen Z, Han Y, Song C, Wei H, Chen Y. Systematic
review and meta-analysis of the prognostic significance of
microRNAs in cervical cancer. Oncotarget. 2017; 9:17141–
8. https://doi.org/10.18632/oncotarget.23839. [PubMed]

75. Mestdagh P, Hartmann N, Baeriswyl L, Andreasen D,
Bernard N, Chen C, Cheo D, Andrade PD, Demayo M,
Dennis L, Derveaux S, Feng Y, Fulmer-Smentek S, et al.
Evaluation of quantitative miRNA expression platforms
in the microRNA quality control (miRQC) study. Nat
Methods. 2014; 11:809–15. https://doi.org/10.1038/
nmeth.3014. [PubMed]

65. Mall C, Rocke D, Durbin-Johnson B, Weiss R. Stability of
miRNA in human urine supports its biomarker potential.
Biomark Med. 2013; 7:623–31. https://doi.org/10.2217/
bmm.13.44. [PubMed]
66. Kutwin P, Konecki T, Borkowska EM, TraczykBorszyńska M, Jabłonowski Z. Urine miRNA as a potential
biomarker for bladder cancer detection – a meta-analysis.
Cent European J Urol. 2018; 71:177–185. https://doi.
org/10.5173/ceju.2018.1605. [PubMed]

www.oncotarget.com

76. Higgins JP, Green S. Cochrane Handbook for
Systematic Reviews of Interventions: Cochrane Book
Series. The Cochrane Collaboration; 2008. https://doi.
org/10.1002/9780470712184.

2022

Oncotarget

77. Namekawa T, Ikeda K, Horie-Inoue K, Inoue S. Application
of Prostate Cancer Models for Preclinical Study:
Advantages and Limitations of Cell Lines, Patient-Derived
Xenografts, and Three-Dimensional Culture of PatientDerived Cells. Cells. 2019; 8:E74. https://doi.org/10.3390/
cells8010074. [PubMed]

79. Rikke BA, Wynes MW, Rozeboom LM, Baron AE, Hirsch
FR. Independent validation test of the vote-counting
strategy used to rank biomarkers from published studies.
Biomark Med. 2015; 9:751–761. https://doi.org/10.2217/
BMM.15.39. [PubMed]
80. Griffith OL, Melck A, Jones SJ, Wiseman SM. MetaAnalysis and Meta-Review of Thyroid Cancer Gene
Expression Profiling Studies Identifies Important
Diagnostic Biomarkers. J Clin Oncol. 2006; 24:5043–51.
https://doi.org/10.1200/JCO.2006.06.7330. [PubMed]

78. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks
JJ, Reitsma JB, Leeflang MM, Sterne JA, Bossuyt PM;
QUADAS-2 Group. QUADAS-2: A Revised Tool for the
Quality Assessment of Diagnostic Accuracy Studies. Ann
Intern Med. 2011; 155:529–36. https://doi.org/10.7326/00034819-155-8-201110180-00009. [PubMed]

www.oncotarget.com

2023

Oncotarget

