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Abstract
Background: Circular RNAs are a class of noncoding RNAs, and several members of them have been reported to be capable of regulating various
biological processes and predicting the outcome of disease. Among them, circular RNA circ-ITCH has been identi�ed to be aberrantly expressed and
associated with disease progression in diverse cancers. However, the relationship between circ-ITCH expression and clinicopathological features, as well
as prognosis of cancers, remains inconclusive.

Material and methods: Up to April 30th, 2020, relevant articles were searched in PubMed, Web of Science, Cochrane library, Embase, CNKI and Wanfang
databases. A meta-analysis was performed to investigate the clinical signi�cance of circ-ITCH in cancers by systematically summarizing all eligible
literatures.

Results: A total of 1 456 patients from 12 studies were included in this meta-analysis. The results showed that cancer patients with low circ-ITCH
expression were more susceptible to develop lymph node metastasis (OR=2.26, 95% CI:1.63-3.13, P=0.000), and were associated with larger tumor size
(OR=2.69, 95%CI:1.76-4.12, P=0.000), advanced TNM stage (OR=2.57, 95%CI:1.63-4.06, P=0.000), as well as poor overall survival (OS) (HR=2.51,
95%CI:2.09-3.02, P=0.000, univariate analysis; HR=2.69, 95%CI:1.82-3.96, P=0.000, multivariate analysis).

Conclusion: Low circ-ITCH expression was signi�cantly associated with aggressive clinicopathological features and unfavorable outcome in various
cancers. Therefore, circ-ITCH may serve as a molecular therapy target and a prognostic marker in cancers.

Background
Circular RNAs (circRNAs) are a class of newly discovered noncoding RNAs with a covalently closed con�guration that exist in various organisms [1].
Similar to other non-coding RNAs, circRNAs were initially considered as byproducts of splicing errors. With the advances in the �eld of high-throughput
sequencing, increasing number of circRNAs and their functions have been characterized [2]. Functionally, circRNAs were found to be implicated in various
biological processes by acting as sponges of microRNA or protein, by regulating protein function or locations, or by undergoing cap-independent
translation [3]. In particular, the essential role of circRNAs in cancer development has been illustrated. Several circRNAs have been reported to be
aberrantly expressed and exert oncogenic or tumor-suppressor function in cancers [4, 5] Furthermore, signi�cant association between the expression of
circRNAs and the progression of cancers has been found, indicating the potential of circRNAs to serve as biomarker for predicting outcome of cancers [6–
9].

Recently, circular RNA Itchy E3 ubiquitin protein ligase (circ-ITCH), a novel circular RNA originated from exons of gene itchy E3 ubiquitin protein ligase
(ITCH), located on chromosome 20q11.22, was reported to be lower expressed in several cancers [10]. So far, circ-ITCH has been proved to be implicated
in prostate cancer [11, 12], ovarian cancer [13–15], bladder cancer [16], breast cancer [17], lung cancer [18], gastric cancer [19], hepatocellular carcinoma
[20], glioma [21] and multiple myeloma [22]. Although the correlation between circ-ITCH expression and cancer progression has been investigated by these
studies above, most individual studies have been limited by inconsistent conclusions or small sample sizes. Thus, we performed this quantitative meta-
analysis by systematically evaluating the relationship between circ-ITCH expression and the clinicopathological parameters as well as prognosis of
cancers with all eligible articles.

Materials And Methods

Publication search
Our literature search was performed following the preferred reporting items for systemic reviews and meta-analysis (PRISMA) statement criteria [23]. A
comprehensive electronic search was performed in PubMed, Web of Science, Cochrane library, Embase, CNKI and Wanfang databases updated to April
30th, 2020. The keyword during the literature search was “circular RNA ITCH” or “circ-ITCH” or “cir-ITCH” or “circular RNA Itchy E3 ubiquitin protein ligase”.
The search strategy in PubMed was “circular RNA ITCH [All Fields] OR circ-ITCH [All Fields] OR cir-ITCH [All Fields] OR circular RNA Itchy E3 ubiquitin
protein ligase [All Fields]”. The search strategy in Web of Science was “TS = (circular RNA ITCH OR circ-ITCH OR cir-ITCH OR circular RNA Itchy E3
ubiquitin protein ligase)”. In addition, the citation lists of retrieved articles were screened manually for potential eligible studies.

Inclusion and exclusion criteria
Studies were considered eligible if they ful�lled the inclusion criteria as follows: (1) articles investigated the association between circ-ITCH and
progression of cancers; (2) the expression of circ-ITCH in cancerous tissues was measured; (3) cancer patients were divided into high/low groups
according to the expression of circ-ITCH; and (4) related clinicopathological parameters and/or prognostic results were described. Exclusion criteria of
present meta-analysis are following: (1) duplicated publications; (2) reviews, letters, comments, conference articles; (3) articles irrelevant to the present
study; or (4) studies without available data.

Data extract
Two investigators (Xiao-Dong Sun, Chen Huan) performed the data extraction from the eligible studies independently. Discrepancies were resolved by
discussion with a third investigator (Da-Wei Sun) to reach a consensus. The following items were collected from each included study: �rst author, year of
publication, origin of patients, cancer type, number of patients, detecting method of circ-ITCH expression, cutoff value for grouping, number of patients
with lymph node metastasis (LNM), larger tumor size and advanced TNM stage in each group, follow-up period, survival analytical method (multivariate
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or univariate), and hazard ratio (HR) with 95% con�dence interval (CI) for overall survival (OS). When the prognosis was plotted as Kaplan-Meier curve, the
software Engauge Digitizer version 4.1 (http://digieizer.sourceforge.net/) was applied to digitize the data, and HR with 95% CI was calculated as described
[24].

Quality assessment
The methodological quality of the included studies was assessed with Newcastle-Ottawa Scale (NOS) criteria, which is scored based on subject selection,
comparability of subject, clinical outcome [25]. The �nal scores of NOS range from 0 to 9, and studies with scores ≥ 6 were considered to be of high
quality.

Data analysis
Meta-analyses were conducted using Stata SE12.0 (Stata Corporation, College Station, Texas). The heterogeneity among the included studies was
assessed through χ2-based Q test and I2 statistics. When the I2 value > 50% and/or P < 0.10, indicating that the heterogeneity was signi�cant, a random-
effect model was applied; otherwise, the �xed-effect model was adopted. The Begg’s and Egger's test were used to estimate the potential publication bias.
In addition, funnel plots were used to present the distribution of included studies' results when more than 8 studies were included. Sensitivity analysis was
also performed to evaluate the effect of an individual study on the overall pooled ORs and HRs. All tests were two-sided, P values < 0.05 was considered
as statistically signi�cant.

Results

Literature information
The �ow diagram for literature screening and selection was shown in Fig. 1. A total of 106 records were retrieved by searching the databases, and 94
articles were excluded on the basis of the inclusion and exclusion criteria. Finally, 12 articles comprising 1 456 patients were identi�ed as eligible and
included in the present meta-analysis.

Study characteristics
The main characteristics of eligible studies were summarized in Table 1. These 12 enrolled articles were published between 2017 and 2020 with sample
sizes ranging from 20 to 288. Most of the populations were from China and divided into high or low group based on the median value of circ-ITCH
expression. The expression of circ-ITCH was detected with the method of quantitative reverse transcription-polymerase chain reaction (qRT-PCR) in all 12
populations. According to the Newcastle-Ottawa Scale (NOS) criteria, all of the included studies got scores ≥ 6, indicating their high methodological
quality.
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Table 1
Characteristics of included studies in this meta-analysis.

First
author
[ref.]

Year Cancer Country Sample
size

Detection
methods

Cut-off
value

Clinicopathological

features

HR, (95%
CI)

Data
source

Follow-
up time
(months)

NOS
score

Zhou et
al. [22]

2020 multiple
myeloma

China 92 qRT-PCR median NA OS(U),
2.70(1.15–
6.25)

direct median
24.5

7

Li et al.
[18]

2019 lung cancer China 190 qRT-PCR median OS(U),
2.27(1.39–
3.57)

curve up to 36 8

Liang et
al. [15]

2019 ovarian
cancer

China 122 qRT-PCR NA NA OS(U),
2.86(1.43–
5.88)
OS(M),
4.74(1.40–
16.13)

direct median
30

6

Wang et
al. [11]

2019 prostate
cancer

China 52 qRT-PCR median OS(U),
3.85(1.92–
8.33)

curve up to 70 8

Huang
et al.
[12]

2019 prostate
cancer

China 364 qRT-PCR median OS(U),
2.50(1.49–
4.17)
OS(M),
2.41(1.42–
4.08)

direct up to 60 8

Ghasemi
et al.
[19]

2018 gastric cancer Iran 30 qRT-PCR median NA NA NA 7

Wang et
al. [17]

2018 breast cancer China 91 qRT-PCR median OS(U),
2.44(1.30–
4.55)

curve up to
100

8

Luo et
al. [14]

2018 ovarian
cancer

China 77 qRT-PCR median NA OS(U),
4.76(1.52–
14.29)
OS(M),
4.07(1.16–
14.29)

direct median
28

7

Hu et al.
[13]

2018 ovarian
cancer

China 20 qRT-PCR NA NA OS(U),
2.27(1.09–
4.76)

curve up to
140

6

Ma et al.
[21]

2018 glioma China 60 qRT-PCR 0.36* NA OS(U),
3.33(1.14–
4.55)
OS(M),
2.33(1.20–
5.43)

direct up to 80 7

Yang et
al. [16]

2018 bladder
cancer

China 70 qRT-PCR NA OS(U),
1.89(1.05–
3.33)

curve 1–60 7

Guo et
al. [20]

2017 hepatocellular
carcinoma

China 288 qRT-PCR median NA OS(U),
2.22(1.47–
3.45)

direct up to 90 7

Association between circ-ITCH and clinicopathological parameters
As shown in Fig. 2, pooled meta-analysis was performed to estimate the relationship between circ-ITCH expression and clinicopathological features of
cancers. Since there was no signi�cant heterogeneity among these studies, �xed-effect model was exploited. The pooled OR with 95% CI indicated that
cancer patients with low circ-ITCH expression were more susceptible to develop LNM (OR = 2.26, 95% CI: 1.63–3.13, P = 0.000), and were associated with
advanced TNM stage (OR = 2.57, 95% CI: 1.63–4.06, P = 0.000) as well as larger tumor size (OR = 2.69, 95% CI: 1.76–4.12, P = 0.000), suggesting that low
circ-ITCH level may serve as an indicator for aggressive clinicopathological features of cancer patients.

Association between circ-ITCH and OS
On one hand, 11 studies comprising a total number of 1 426 patients investigated the association between circ-ITCH expression and OS through
univariate analysis. The �xed-effect model was used to assess the pooled HR and its 95% CI since no heterogeneity was found among these studies (I2 = 
0.0%, P = 0.900). We found that low circ-ITCH expression was signi�cantly associated with poor OS (HR = 2.51, 95% CI: 2.09–3.02, P = 0.000) [Figure 3(a)].
Besides, subgroup meta-analysis was also conducted. The results showed that low circ-ITCH expression was a signi�cant prognostic indicator of poor OS
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for patients with different type of cancers: prostate cancer (HR = 2.88, 95% CI: 1.89–4.39, P = 0.000), ovarian cancer (HR = 2.85, 95% CI: 1.79–4.54, P = 
0.000) and other types of cancers (HR = 2.34, 95% CI: 1.86–2.94, P = 0.000). Meanwhile, the signi�cant association between low ITCH expression and
unfavorable OS was also found despite the variation of sample size and different cutoff values (Table 2).

Table 2
Strati�cation analysis for the meta-analysis with overall survival (OS) in patients with cancers
Subgroup No. of studies No. of patients Pooled HR (95% CI) Heterogeneity

I2 (%) P value

Cancer type        

Prostate cancer 2 416 2.88(1.89–4.39) 0.0 0.345

Ovarian cancer 3 219 2.85(1.79–4.54) 0.0 0.558

Others 6 791 2.34(1.86–2.94) 0.0 0.884

Cut-off value        

Median 7 1154 2.53(2.03–3.16) 0.0 0.800

Others 4 272 2.46(1.76–3.43) 0.0 0.622

Sample size        

100 4 964 2.38(1.85–3.05) 0.0 0.900

100 7 462 2.68(2.04–3.52) 0.0 0.673

On the other hand, 4 studies with a total number of 623 patients investigated the association between circ-ITCH expression and OS through multivariate
analysis. Since there was no heterogeneity among these studies (I2 = 0.0%, P = 0.671), the �x-effect model was used to assess the pooled HR and its 95%
CI. We found that low circ-ITCH expression was also signi�cantly associated with poor OS (HR = 2.69, 95% CI: 1.82–3.96, P = 0.000) [Figure 3(b)].

Sensitive analysis
To assess the robustness of our results, sensitivity analysis was conducted by omitting each individual included study. As illustrated in Fig. 4, removing
any of the enrolled studies did not change the combined meta-analysis effect of circ-ITCH on the pooled ORs and HRs, indicating that our �ndings were
relatively stable.

Publication bias
In this meta-analysis, both Begg's and Egger's P value tests were used to assess the potential publication bias. No publication bias was found in most
analyses, including the studies with LNM (P = 1.000, 0.685), TNM stage (P = 0.174, Begg's test), OS (P = 0.174, 0.101, multivariate analysis). Publication
bias was found in the studies with TNM stage (P = 0.01, Egger's test), tumor size (P = 0.042, 0.020), and OS (P = 0.036, 0.017, univariate analysis). Besides,
the funnel plots of OS from univariate analysis (Fig. 5) were largely symmetrical. Therefore, we speculate that most of our meta-analysis results are
reliable.

Discussion
Recently, as increasing studies have demonstrated the participation of circRNAs in carcinogenesis, the potential of circRNA to predict cancer progression
has been suggested due to the correlation between their expression and clinicopathological characteristics as well as outcome of cancers. circ-ITCH was
a newly identi�ed circRNA, and accumulating evidence has implied its tumor-suppressor role in diverse cancers functionally. For instance, by acting as a
sponge for oncogenic miR-214 and miR-17, circ-ITCH signi�cantly enhances expression of its ITCH linear isoform via competitive interacting with
microRNAs, thereby inactivating Wnt/beta-catenin signaling in various cancers [17, 21, 26–28]. Meanwhile, circ-ITCH was also reported to act as
competitive endogenous RNAs (ceRNAs) of other microRNAs, like microRNA-93-5p, miR-145, to execute its tumor suppressive activity in cervical cancer
and ovarian carcinoma, respectively [13, 29]. Additionally, circ-ITCH was further found to inhibit tumorigenesis through other mechanism rather than
acting as microRNA sponge. In melanoma, circ-ITCH suppress cancer cell proliferation via impairing glucose uptake of cancer cells [30]. Although the
association between circ-ITCH expression and cancer progression has been evaluated in these studies, most individual results were limited by their limited
sample sizes or inconstant conclusion. Here, we performed this meta-analysis to investigate the clinical and prognostic value of circ-ITCH in cancers.

We included 12 studies with a total of 1456 cancer patients in this meta-analysis. The pooled ORs with their 95% CIs showed that low circ-ITCH
expression was signi�cantly associated with larger tumor size, increased LNM and advanced TNM stage, indicating that low circ-ITCH expression was an
indicator of aggressive clinicopathological parameters. Moreover, the pooled HRs with their 95% CIs showed that low circ-ITCH expression was also
signi�cantly correlated with poor OS, implying that low circ-ITCH expression may serve as an indicator of unfavorable prognosis of cancers. Meanwhile, it
has been demonstrated that ectopic expression of circ-ITCH was capable of inhibiting cancer growth in vivo [11, 16], hinting that circ-ITCH might be a
potential approach for cancer treatment. Taken together, circ-ITCH could serve as a biomarker for predicting the progression and outcome of cancers.
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To the best of our knowledge, this is the �rst meta-analysis to investigate the clinical signi�cance of circ-ITCH in cancer patients. Nevertheless, some
limitations of this meta-analysis should be concerned. The primary concern is that most of the included studies were conducted based on the population
from China, thus the results should be substantiated by additional studies in worldwide population. Secondly, publication bias was observed in the
studies with OS via univariate analysis. For some studies, the OS results were not available, which may contribute to the publication bias. Based on these
limitations above, the pooled results calculated in this meta-analysis may be just estimations.

Conclusion
In summary, our meta-analysis revealed that low circ-ITCH expression was signi�cantly associated with larger tumor sizes, advanced TNM stage,
increased LNM, as well as poor overall survival in cancers. Therefore, circ-ITCH may serve as a prognostic biomarker and a promising molecular therapy
target in cancers.

Abbreviations
circ-ITCH: circular RNA Itchy E3 ubiquitin protein ligase; NA: not available; qRT-PCR: quantitative reverse transcription-polymerase chain reaction; OS:
overall survival; U: univariate analysis; M: multivariate analysis; Curve: Kaplan-Meier curve.
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Figure 1

Literature selection process by following PRISMA guidelines in this meta-analysis.

Figure 2

Forest plots of odds ratios (ORs) for the association between circ-ITCH expression and lymph node metastasis (LNM) (a), TNM stage (b), tumor size (c).

Figure 3
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Forest plots of hazard ratios (HRs) for the association between circ-ITCH expression with overall survival (OS) from univariate analysis results (a), OS
from multivariate analysis results (b).

Figure 4

Sensitivity analysis between circ-ITCH expression and lymph node metastasis (LNM) (a), TNM stage (b), tumor size (c), overall survival (OS) via univariate
analysis results(d), OS from multivariate analysis results (e).

Figure 5

Funnel plots for the meta-analysis with overall survival (OS) from univariate analysis results.


