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Abstract
Background: As circular RNAs (circRNAs) have been found to significantly involve in 
the onset and progression of multiple malignant tumors including breast cancer (BC), 
this study aims at evaluating the diagnostic and prognostic values of circRNAs in this 
malady.
Methods: Available databases were thoroughly searched to collect studies on the 
diagnosis and/or prognosis of BC using circRNA profiling. The updated Quality 
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool and the Newcastle 
Ottawa Scale (NOS) were used to assess the underlying bias of included studies. 
Clinical characteristics of the studies were merged by the quantitative-weighted in-
tegral method to obtain the combined effects.
Results: Sixteen studies were included, comprising 2438 BC cases and 271 noncan-
cerous controls. The expression signature covered 24 circRNAs (down-regulated: circ-
VRK1, hsa_circ_0068033, hsa_circ_103110, hsa_circ_104689, and hsa_circ_104821; 
up-regulated: circAGFG1, hsa_circ_0001785, hsa_circ_0108942, hsa_circ_0001785, 
hsa_circ_006054, hsa_circ_100219, hsa_circ_406697, circEPSTI1, circANKS1B, 
circGFRA1, circ_0103552, CDR1-AS, has_circ_001569, hsa_circ_001783, circFBXL5, 
circ_0005230, circAGFG1, circ-UBAP2, and circ_0006528). The sensitivity and spec-
ificity of circRNAs in distinguishing BC patients from noncancerous controls were 
0.65 and 0.68, and the corresponding area under the curve was 0.66. Survival analy-
sis revealed that patients showing highly expressed oncogenic circRNAs were as-
sociated with increased mortality risks of BC in overall survival (univariate analysis: 
hazard ratio [HR] = 3.30, P = .000; multivariate analysis: HR = 3.07, P = .000), and 
disease-free survival (HR = 8.26, P = .000). Stratified analysis based on circRNA ex-
pression status and control type also showed robust results.
Conclusions: Circular RNA profiling presents prominent diagnostic and prognostic 
values in BC, and can be rated as a promising tool facilitating its early diagnosis and 
survival.
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1  | INTRODUCTION

Breast cancer (BC) tops the morbidity list among female malignan-
cies, and the pace of its onset is accelerating year after year with 
the population becoming younger and younger.1,2 As with the latest 
cancer statistics, the mortality of BC ranks the fourth among all fe-
male tumors.3 Studies have confirmed that family history, reproduc-
tive factors, sex hormone levels, oral contraceptives, and previous 
history of breast diseases are closely related to its occurrence and 
development.4-6 Exploring new molecular markers and therapeu-
tic targets for BC are conducive to early diagnosis, more accurate 
prognostic prediction, and efficacy monitoring in the patients. At 
present, various factors restrict the early diagnosis of BC in clinic. 
Biopsy as an invasive method is poorly acceptable to patients, and 
its accuracy is subject to operators' own experience.7 Imaging exam-
inations and routine blood tumor marker detection are currently not 
suitable for large-scale screening for an early diagnosis due to their 
low sensitivity (SEN) and accuracy.8,9 Therefore, finding effective, 
noninvasive, novel, and operable biomarker profiling is critical for 
the early diagnosis, prognosis, and treatment of BC.

Circular RNAs (CircRNAs) is a type of coding/noncoding RNA 
molecule with its 3ʹ and 5ʹ ends forming a covalently closed loop.10,11 
It is reported that circRNAs are widely expressed in mammalian cells 
and feature histocyte specificity (SPE), structural stability, and se-
quence conservation.12,13 Studies have confirmed that circRNAs 
play roles in regulating gene transcription and expression via mul-
tiple pathways, and in physiological processes such as cell cycle 
and senescence.14,15 Moreover, circRNAs are found to be essential 
in the onset and development of malignant tumors.16,17 Given that 
circRNAs are insensitive to nucleases and more stable than ordinary 
linear RNA, they are expected to be new biomarkers for monitor-
ing various cancers.18,19 And circRNAs are intensively reported to 
have the potential of the early diagnosis and prognostic prediction 
of BC as novel molecular biomarkers.20-35 However, the appraisals 
of their efficacy are commonly limited by the small sample size, high 
bias, and single-center population of the already reported trials. 
Therefore, this study intends to systematically evaluate the effi-
cacy of circRNAs in the diagnosis and prognostic prediction of BC 
through a quantitative meta-analysis.

2  | MATERIALS AND METHODS

2.1 | Data search strategy

This study was designed and conducted in line with the PRISMA 
2019.36 Two authors independently retrieved relevant studies in 
the online databases included PubMed, Embase, Web of Science, 
BioMed Central, and CNKI. Literature published in English, as of 

January 31, 2020, was searched. The following search terms were 
as follows: (“breast neoplasms [MeSH Terms]” OR “breast cancer” 
OR “breast carcinoma” OR “mammary cancer”) AND (“circular RNA 
[MeSH Terms]” OR “circRNA” OR “hsa circ”) AND (“diagnoses”, “di-
agnosis”, “SEN”, “SPE”, “ROC curve”, “area under the curve”, “AUC”) 
OR (“prognosis” OR “prognoses [MeSH Terms]” OR “survival [MeSH 
Terms]” OR “overall survival” OR “progression free survival” OR “dis-
ease free survival” OR “relapse free survival” OR “hazard ratio” OR 
“OS” OR “PFS” OR “DFS” OR “RFS” OR “HR”). Meanwhile, the au-
thors manually searched for the references attached to the paper to 
prevent literature omission.

2.2 | Inclusion and exclusion criteria

Inclusion criteria were defined as (a) case-control studies that re-
porting the diagnostic accuracy or prognostic utility of single or par-
allel circRNAs in BC; (b) diagnostic studies providing data that could 
be directly or indirectly involved in a 2 × 2 contingency table, com-
prising true positives (TP), false positives (FP), false negatives (FN), 
and true negatives (TN); and (c) prognostic studies evaluating obser-
vation indicators with directly or indirectly provisions of HR values 
and 95% CIs, encompassing overall survival (OS), progression-free 
survival (PFS) or disease-free survival (DFS). The exclusion criteria 
were (a) studies with a sample size of less than 20; (b) or with insuf-
ficient data for statistical analysis; and (c) low-quality studies and 
non-English language articles.

2.3 | Data extraction

Two authors independently screened the collected relevant studies 
and carefully extracted the following information: (a) basic clinical 
characteristics including the first author, publication time, study 
population, cohort size, control type, circRNA name, detection 
method, reference gene, cutoff value setting, AUC, follow-up time, 
etc; and (b) data for statistical analysis incorporating TP, FP, FN, TN, 
SEN, SPE, HR values, and the corresponding 95% CIs. Patients with 
BC were considered the “case group,” and those with benign lesions 
or adjacent noncancer tissues or healthy individuals were deemed as 
the “control group or controls.”

2.4 | Quality assessment

For diagnostic studies, the Quality Assessment of Diagnostic 
Accuracy Studies 2 (QUADAS-2) tool was used to evaluate the 
quality of studies,37 and the evaluation consisted of 2 parts: bias 
evaluation and applicability. Specifically, the bias assessment 
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included 4 domains: case selection, index test, golden standard, 
and flow and timing, and the first 3 domains were also assessed 
with respect to applicability. Each domain could be graded by 3 
levels: low risk, high risk, and unknown, corresponding to 1 point, 
0 point, and 0 point, respectively. When the total score was ≥4 
points (out of 7 points), the quality of the study could be consid-
ered high. Case-control studies were evaluated with the 8-item 
Newcastle Ottawa Scale (NOS) scale,38 referring to study popu-
lation selection, comparability, exposure evaluation, or outcome 
evaluation. A study with a total score of ≥5 points (out of 9 points) 
could be considered high quality.

2.5 | Statistical analysis

Statistical analysis was performed by MetaDiSc 1.4 and Stata 12.0 
software. The combined effect size indicators encompassed SEN, 
SPE, PLR, NLR, diagnostic odds ratio (DOR), AUC, HR, and 95% CI. 
The threshold effect was evaluated by Spearman's correlation coef-
ficients, with a P < .05 considered statistically significant. The non-
threshold effect was evaluated by Cochran's Q test and I2 test, and 
the statistical significance level was set at P < .01 or I2 > 50%. When 
there was no heterogeneity between studies, data could be merged 
using a fixed-effect model; otherwise, a random-effect model would 

be adopted. Sources of heterogeneity were traced using the SEN 
analysis and the meta-regression test. Deek's funnel plot and visual 
Funnel plot, as well as Begg's and Egger's tests, were used to assess 
publication bias among studies, and the statistical significance level 
was set at P < .1. When publication bias appeared, the nonparamet-
ric trim and fill method will be applied to assess its possible effect on 
the meta-analysis model.39

3  | RESULTS

3.1 | Clinical characteristics in included studies

The inclusion and exclusion process of literature retrieval was de-
picted in Figure  1. As a result of database search according to 
the search strategy, 208 relevant studies were obtained. After 
carefully reading titles and abstracts, we ruled out 183 articles 
due to irrelevant topics or reviews, retained 25 for the full-text 
evaluation, and eliminated 7 owing to a lack of data or out of topic. 
Of all prognostic studies, one study investigated the prognostic 
value of tumor-inhibitory circRNAs on DFS,40 together with the 
other study assessed a combination of 10 circRNAs using The 
Cancer Genome Atlas clinical data for BC,41 were both elimi-
nated. Finally, 16 articles,20-35 including 4 individual studies on 

F IGURE  1 The flow chart of inclusion 
and exclusion processes of literature 
search
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the diagnosis and 13 on the prognosis, were included for the sub-
sequent meta-analysis.

The basic characteristics of the enrolled subjects, 2438 BC 
cases and 271 controls (only for the diagnostic studies) from the 
16 studies, were summarized in Tables  1 and 2. All BC subjects 
were pathologically confirmed, with early BC (stage 0, I, II) indi-
viduals in the diagnostic studies accounting for 73.49% (366/498). 
The included controls consisted of healthy controls and paracan-
cer controls. All tissue and plasma samples were preoperatively 
collected before any treatment. The study participants encom-
passed both Asians and Caucasians. Of the 13 included prognostic 
studies, 8 provided HR and 95% CIs, which could be indirectly ob-
tained by a formula or prognosis curve from another 5. However, 
only 2 studies referred to the follow-up time. A total of 24 circRNA 
molecules were used in the studies, of which 19 oncogenic cir-
cRNAs were up-regulated in BC, and 5 tumor-inhibitory ones were 
down-regulated. All circRNA expression levels were detected by 
quantitative reverse transcription-polymerase chain reaction with 
reduced glyceraldehyde-phosphate dehydrogenase, β-actin, or U6 
as internal reference genes.

3.2 | Risk assessment for heterogeneity and quality

Spearman's correlation coefficients showed that the effect size of 
the overall combination corresponds to P  =  .139, suggesting that 
there was no heterogeneity caused by threshold effects between 
studies. Cochran's Q and I2 tests for nonthreshold effects showed 
a P = .001 and an I2 of 83.17%, indicating significant heterogeneity 
among studies.

Diagnostic studies were analyzed using the QUADAS-2 tool for a 
risk of bias assessment, and it was found that the QUADAS-2 scores 
of all 6 studies were higher than 4 points, suggesting the high quality 
of the included studies (Table 3). Besides, all included case-control 
studies revealed high NOS scores of over 6 points, which could be 
defined as high quality (Table 4).

3.3 | Diagnostic performances of circRNAs

The overall SEN, SPE, PLR, NLR, and DOR were 0.84 (95% CI: 0.78-
0.88), 0.83 (95% CI: 0.78-0.87), 4.95 (95% CI: 3.87-6.33), 0.20 (95% 

CI: 0.15-0.26), and 25.27 (95% CI: 17.31-36.88), respectively, with a 
corresponding area under the curve (AUC) of 0.90. The forest maps 
of combined SEN, SPE, DOR, and AUC of circRNAs for the diagnosis 
of BC (including precancerous lesions; early stages 0-II accounting 
for 73.49%) were shown in Figure 2.

The subgroup analysis revealed that circRNA profiling yielded a 
high diagnostic efficacy in distinguishing BC from healthy individu-
als than that from adjacent noncancer tissues (AUC: 0.81 vs 0.65). 
Moreover, oncogenic circRNAs also achieved a diagnostic perfor-
mance higher than tumor-inhibitory circRNAs (AUC: 0.76 vs 0.65) 
(Table 5).

3.4 | Prognostic value

For the prognostic analysis, summary HRs and 95% CIs were es-
timated using a random-effect model. Our results showed that 
high expression levels of oncogenic circRNAs were significantly 
associated with poor OS (univariate analysis: HR = 3.30, 95% CI: 
1.92-5.69, P = .000, I2 = 85.5%; multivariate analysis: HR = 3.07, 
95% CI: 2.20-4.30, P =  .000, I2 = 46.7%), and DFS (HR = 8.26, 
95% CI: 3.06-22.32 P  =  .000, I2  =  0.0%) in patients with BC 
(Figure  3). This indicated a potential role of oncogenic circR-
NAs in predicting BC survival. However, the combined HR for 
PFS was not significant (HR = 1.28, 95% CI: 0.72-2.29 P = .396, 
I2 = 92.8%), and only 2 studies that, respectively, investigated 
the tumor-inhibitory circRNA in PFS and DFS were enrolled in 
our study; the accuracy of the combined effects was therefore 
limited (Figure 4).

3.5 | Sensitivity analysis and meta-regression test

Sensitivity analysis was conducted to explore the sources of het-
erogeneity among studies, and outliers were found in the diagnos-
tic meta-analysis as well as the prognostic meta-analyses of the 
OS (univariate analysis) and PFS (Figure  3). After an elimination 
of the outliers, the pooled SEN increased to 0.67, SPE decreased 
to 0.67, and AUC increased to 0.71 (Figure  5A-C); importantly, 
the I2 increased to 0% along with a P value of Cochran's Q test 
elevated to 0.343. For the prognostic effect, the pooled HR of 
univariate analysis in predicting OS altered to 3.46 (Figure  5D), 

TABLE  3 Study bias and quality assessment of diagnostic studies using the QUADAS-2 checklist

Study

Risk of bias Concerns regarding applicability

Total rated 
scores

Patient 
selection

Index 
test

Reference 
standard

Flow and 
timing

Patient 
selection

Index 
test

Reference 
standard

Li Y 201923 Low Low Low Unclear Low Low Low 6

Yang R 201932 Low Unclear Low Unclear Low Unclear Low 4

Yin WB 201833 Low Low Low Unclear Low Low Low 6

Lü L 201725 Low Low Low Low Low Low Low 6

Abbreviation: QUADAS, Quality Assessment for Studies of Diagnostic Accuracy.
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and I2 increased to 0% after an exclusion of the outlier. In addi-
tion, the meta-regression was performed for analyzing the effects 
resulting from control type, number of cases, number of controls, 
and study quality. We found that the mentioned factors were not 
the underlying sources of heterogeneity among studies (all with 
P > .05) (Table 6).

3.6 | Publication bias

No publication bias was observed in the pooled effects except the 
prognostic meta-analysis of the OS (univariate analysis) (Figure 6). 
The nonparametric trim and fill method was applied to assess the 
possible effect of publication bias on the meta-analysis model.39 

F IGURE  2 The combined (A) sensitivity, (B) specificity, (C) diagnostic odds ratio, and (D) area under the curve of abnormally expressed 
circular RNAs in the diagnosis of breast cancer

TABLE  5 Stratified study of the diagnostic efficacy of circRNA profiling in BC

Variables SEN(95% CI) SPE (95% CI) PLR (95% CI) NLR (95% CI) DOR (95% CI) AUC

Control type

BC vs Healthy 
individuals

0.75 (0.67-0.81) 0.74 (0.65-0.82) 2.57 (1.62-4.08) 0.36 (0.27-0.48) 8.33 (4.55-15.23) 0.81

BC vs Adjacent 
noncancer control

0.62 (0.58-0.66) 0.72 (0.68-0.75) 1.86 (1.37-2.51) 0.57 (0.48-0.67) 3.27 (2.04-5.26) 0.65

Function of circRNA

Oncogenic circRNAs 0.70 (0.64-0.75) 0.71 (0.65-0.77) 2.26 (1.72-2.97) 0.45 (0.37-0.54) 5.54 (3.50-8.76) 0.76

Tumor-inhibitory 
circRNAs

0.62 (0.57-0.66) 0.73 (0.69-0.77) 1.76 (1.14-2.71) 0.60 (0.46-0.77) 2.99 (1.49-5.99) 0.65

Abbreviations: AUC, area under the curve; BC, breast cancer; DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive likelihood 
ratio; SEN, sensitivity; SPE, specificity.
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The imputed data generated a symmetrical funnel plot (Figure 6D). 
However, the pooled effect incorporating the hypothetical data al-
tered little from the unadjusted ones (variance = 0.367, P = .013 vs 
variance = 0.440, P = .016), hinting that the combined effect is not 
subject to the impact of publication bias.

4  | DISCUSSION

Breast tumor malignancy that originates from mammary epithelial 
cells more rapidly occurs in the younger age group.1,2 Screening and 
developing novel and noninvasive biomarkers will facilitate early 
identification and prognostic prediction of BC. CircRNAs have been 
proven to widely exist in many eukaryotic organisms and are mainly 
located in the cytoplasm or can be stored in exosomes.10-13 They are 
not affected by exonucleases, and their expressions are more stable 
and difficult to degrade.12,13 At present, there is a lack of evidence-
based medical supports for the diagnostic and prognostic value of 
circRNAs in BC. This study has analyzed the efficacy of circRNAs 

in diagnosing and predicting the prognosis of BC by a quantitative 
meta-analysis.

Previous meta-analyses have revealed that the diagnostic AUCs 
of circRNAs in gastric cancer (GC),42 colorectal cancer (CRC),43 
hepatocellular carcinoma (HCC),44 and non-small-cell lung cancer 
(NSCLC) 45 reach 0.78, 0.79, 0.86, and 0.86, respectively, with a 
SEN, SPE, and AUC of circRNAs of 0.72, 0.74, and 0.79 in all ma-
lignancies.46 In our analysis, a total of 2438 BC patients (73.49% of 
stage 0, I, and II in the diagnostic studies) were included. Our results 
showed that circRNAs presented high diagnostic value for BC, with 
a SEN and SPE of 0.65 and 0.68, respectively, and the corresponding 
AUC of 0.66. The ratio of TP to FP (DOR) in diagnostic studies is 
another important indicator for evaluating the effectiveness of cir-
cRNA profiling.47 The higher the value is, the better the efficiency 
of the diagnostic test will be. A DOR value of less than 1 indicates 
low diagnostic efficiency of a test. In our study, the DOR of circRNA 
profiling to diagnose BC was 3.97, suggesting a relatively high di-
agnostic performance of this test. In addition, the combined PLR 
of 2.04 indicates that the probability of positive results of circRNA 

F IGURE  3 The combined hazard ratios (HRs) and 95% CIs of oncogenic circular RNAs (circRNAs) in predicting overall survival using 
(A) the univariate analysis and (B) multivariate analysis. The combined (C) disease-free survival and progression-free survival of oncogenic 
circRNAs
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profiling in BC patients is 2 times higher than that in controls. The 
combined NLR was 0.51. This indicates that only 51% of negative 
results of circRNA profiling are FN. The data above fully prove that 
circRNA detection can be an effective method for early BC-assisted 

diagnosis. The subgroup analyses reveal that oncogenic circRNAs 
are more effective than tumor-inhibitory circRNAs in the diagnosis 
of BC, as with their AUCs. We consider that this can be related to the 
kurtosis of circRNA expression in BC. The expressions of oncogenic 

F IGURE  4 Sensitivity analyses of (A) the overall diagnostic effect, and the prognostic meta-analyses including (B) the univariate analysis 
and (C) multivariate analysis of oncogenic circular RNAs (circRNAs) in predicting overall survival as well as the combined (D) disease-free 
survival and (E) progression-free survival of oncogenic circRNAs
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circRNAs are up-regulated in BC, and the high expression peak in 
newly diagnosed patients is more conducive to detection. Moreover, 
we have found that circRNAs yield higher accuracy in differentiat-
ing BC from healthy individuals than that from adjacent noncancer-
ous controls. Nonetheless, the number of samples included in the 

subgroup analysis has curtailed compared with that in the whole 
analysis, and the conclusion needs to be confirmed by more large 
sample size studies in the future.

Circular RNAs has been reported to be associated with the 
prognosis of multiple malignancies.48,49 At present, studies have 
systematically evaluated the prognostic efficacy of circRNA profil-
ing in CRC,43 HCC,44 and NSCLC45 and have shown that the higher 
the expression levels of oncogenic circRNAs are, the worse the 
prognosis of cancer patients will be, whereas the survival rate of 
tumor patients with overexpressions of tumor-inhibited circRNAs 
is significantly higher than that of those with low expressions. In 
this regard, biofunctions of different circRNAs are distinct in malig-
nant tumors. We have further evaluated the efficacy of circRNAs 
in monitoring the prognosis of BC based on the different biofunc-
tions of circRNAs and have divided the expression profiles of cir-
cRNAs into oncogenic and tumor-inhibitory groups. The survival 
analysis shows that BC patients with low oncogenic circRNA levels 
present significantly prolonged OS and DFS, while those with the 
low expressions of tumor-inhibitory circRNAs show significantly 

F IGURE  5 The combined (A) sensitivity, (B) specificity, and (C) area under the curve of abnormally expressed circular RNAs (circRNAs) in 
the diagnosis of breast cancer after an elimination of the outliers. D, The univariate analysis oncogenic circRNAs in predicting overall survival 
following outlier elimination

TABLE  6 The underlying causes of heterogeneity of the 
diagnostic meta-analysis by meta-regression test

Meta-regression variables PDOR (95% CI) P value

BC case number (≥100 vs <100) 0.89 (0.22-3.58) .8577

Control number (≥100 vs <100) 0.75 (0.10-5.53) .7362

Control type (healthy control vs 
adjacent noncancer tissue)

3.96 (0.69-22.84) .1032

CircRNA expression level 
(increased vs decreased)

1.72 (0.77-3.83) .1504

Study quality (QUADAS score ≥4 
vs <4)

1.96 (0.17-22.90) .5281

Abbreviations: BC, breast cancer; PDOR, pooled diagnostic odds ratio; 
QUADAS, Quality Assessment for Studies of Diagnostic Accuracy.
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decreased OS compared with the cases of high expressions of an-
ti-cancer circRNAs. This suggests that these circRNA molecules 
exhibit promising efficacy in prognostic evaluation and monitoring 
of BC.

The generation of heterogeneity is inevitable in the process of 
a meta-analysis, and its main sources consist of threshold and non-
threshold effects.50 Spearman's correlation coefficients show that 
consolidated statistics and heterogeneity in subgroup analyses 
chiefly result from threshold effects that can be affected by various 
thresholds or cutoff values. The cutoff values and internal reference 
genes used for the relative quantification of circRNA included in this 
study are presumed to be one of the main causes of heterogeneity. 
Moreover, we have also explored the possible factors bringing about 
heterogeneity using the SEN analysis and the meta-regression test. 
Deviant outliers have been found in the SEN analysis, and an elimi-
nation of them could alter the heterogeneity of the pooled effects, 
suggesting that included deviant outliers are major causes of hetero-
geneity. The meta-regression has traced the factors, such as control 
type, number of cases, and study quality, and has revealed that the 
mentioned factors are not likely to be sources of heterogeneity be-
tween the studies.

Nevertheless, some limitations still remain in our study. Firstly, 
the combination of study effect sizes is predominantly based on the 
Chinese population, so the underlying population bias may exist. 
Secondly, the types of included circRNAs and the samples are not 
unified, and this can be the source of heterogeneity between the 
included studies. Thirdly, the included studies on evaluating the di-
agnostic efficacy of circRNA in BC as well as their performance in 
predicting DFS and PFS are all limited, so the relevant meta-analysis 
is unavailable.

5  | CONCLUSIONS

In summary, circRNAs can be used as prominent auxiliary indicators 
for the diagnosis and prognosis evaluation of BC. However, the con-
clusion of this study still needs to be confirmed by more high-quality 
studies with large samples.
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