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Background: Circular RNAs (circRNAs) play important roles in tumorigenesis, including lung 
cancer. However, the expression profile and clinical value of circRNAs in lung adenocarcinoma 
remain unclear. The purpose of this study was to establish the circRNAs expression profile of 
lung adenocarcinoma and determine its potential diagnostic and prognostic value.
Materials and Methods: The global expression profile of circRNAs in lung adenocarci-
noma tissue was determined from five paired lung adenocarcinoma tissues and adjacent 
normal tissues. The expression levels of selected candidate circRNA were validated by qRT- 
PCR. Sequence analysis was used to confirm the specificity of amplified circRNA. The 
candidate circRNA level was further detected in plasma samples from lung adenocarcinoma 
patients and healthy controls. The relationships between their levels and clinicopathological 
factors were explored. Receiver operating characteristic (ROC) curve was constructed to 
differentiate lung adenocarcinoma from healthy controls. Kaplan–Meier was performed to 
show survival curves and survival characteristics. The significance of different prognostic 
factors for overall survival (OS) was analyzed using Cox proportional hazards model.
Results: CircRNA microarray showed 394 circRNAs were differentially expressed, includ-
ing 215 up-regulated and 179 down-regulated circRNAs. Hsa_circ_0001715 was the most 
up-regulated circRNA in lung adenocarcinoma tissues. Plasma hsa_circ_0001715 levels were 
significantly higher in lung adenocarcinoma patients versus healthy controls (P < 0.001). We 
further found that high plasma hsa_circ_0001715 was significantly correlated with TNM 
stage (P = 0.039) and distant metastasis (P = 0.030). Furthermore, ROC curve analysis 
showed that hsa_circ_0001715 had high diagnostic value, and the area under the curve 
(AUC) was 0.871. Lung adenocarcinoma patients with plasma hsa_circ_0001715 levels 
over 0.417 had significantly shorter OS than those with lower levels (P = 0.004). 
Univariate and multivariate survival analysis showed that plasma hsa_circ_0001715 level 
was an independent prognostic factor for the OS.
Conclusion: Our study revealed an aberrant circRNA expression profile in lung adenocar-
cinoma, and hsa_circ_0001715 is up-regulated and could act as a novel diagnostic and 
prognostic biomarker for lung adenocarcinoma.
Keywords: circular RNA, hsa_circ_0001715, lung adenocarcinoma tissues, biomarker, 
prognosis

Introduction
Lung cancer is the most prevalent malignancy globally and also the leading account 
of cancer-related death worldwide.1 Non-small-cell lung cancer (NSCLC) accounts 
for 80–85% of all lung malignancies and lung adenocarcinoma more than 40%.2 

Correspondence: Yu Zhang  
Department of Respiratory Medicine, 
Nanjing Chest Hospital, Nanjing 210009, 
People’s Republic of China  
Tel +86 139 1292 3279  
Email zhangyu2113_nj@163.com

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 10775–10783                                                         10775

http://doi.org/10.2147/OTT.S274932 

DovePress © 2020 Lu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8753-4926
http://orcid.org/0000-0002-3159-3000
mailto:zhangyu2113_nj@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


Despite remarkable advances in targeted therapy and 
immunotherapy over the recent years,2,3 the majority of 
lung adenocarcinoma patients have a dismal prognosis due 
to the high rate of metastasis and recurrence. The 5-year 
survival rate of NSCLC staggers at 16%, most patients 
have progressive disease or distant metastasis upon initial 
diagnosis.4 Therefore, it is essential to identify novel bio-
markers to improve the diagnosis and prognosis of lung 
adenocarcinoma.

CircRNAs are new type of endogenous noncoding 
RNAs. Unlike traditional linear RNAs, they have 
a closed ring structure and are not affected by RNases.5 

CircRNAs were previously thought to be lowly expressed 
and byproducts of splicing errors.6 In addition, their bio-
logically active regulators have not been completely iden-
tified. However, with the advent of next-generation 
sequencing, increasing number of circRNAs have been 
detected and reported to play important physiological 
functions. CircRNAs are more stable, abundant and 
conserved.7 Recent studies have revealed that circRNAs 
can serve as microRNA sponges, RNA-binding proteins or 
transcriptional regulators.8–10 Emerging evidence has 
reported that circRNAs play essential roles in cell prolif-
eration, invasion and metastasis, and apoptosis of cancer 
cells.11–14

In the present study, we analyzed the global circRNAs 
expression profile in lung adenocarcinoma through micro-
arrays. We found that hsa_circ_0001715 was the most up- 
regulated circRNA in lung adenocarcinoma tissue. We 
further found that plasma hsa_circ_0001715 levels were 
markedly upregulated and associated with clinicopatholo-
gical features. On the basis of our data, we conclude that 
hsa_circ_0001715 plays an important role in lung adeno-
carcinoma and may serve as a novel potential biomarker 
for lung adenocarcinoma.

Materials and Methods
Acquisition of Tissues and Plasma 
Specimens
Forty-eight paired lung adenocarcinoma tissues and adja-
cent normal tissues and plasma samples of 60 treatment- 
naive lung adenocarcinoma patients and 57 health controls 
were acquired from Nanjing Chest Hospital between 
December 2013 and June 2016. All surgical tissue speci-
mens were snap-frozen and plasma samples were collected 
at the time of diagnosis before any treatment. The study 
was conducted in accordance with the Declaration of 

Helsinki and approved by the Ethics Committee of 
Nanjing Chest Hospital. All the study subjects provided 
written informed consent.

CircRNA Microarray Assay
GenElute™ Mammalian Total RNA Miniprep Kit 
(Sigma, USA) was used to extract total cellular RNA 
according to the manufacturer’s instructions. NanoDrop 
ND-1000 was used to quantify RNA. We performed 
sample preparation and microarray hybridization based 
on the Arraystar’s standard protocols. Briefly, to remove 
linear RNAs and enrich circRNAs, we treated total RNAs 
with RNase R (Epicentre Inc., Madison, USA). Then, we 
amplified and transcribed the enriched circRNAs into 
fluorescent cRNA utilizing a random priming technique 
(Arraystar Super RNA Labeling Kit; Arraystar) as 
instructed by the manufacturer. We hybridized the labeled 
cRNAs onto the Arraystar Human circRNA Array 
(8x15K, Arraystar). After slide wash, we scanned the 
arrays with the Agilent Scanner G2505C. The acquired 
array images were analyzed with Agilent Feature 
Extraction software. We used the R software limma pack-
age to perform Quantile normalization and subsequent 
data processing. Volcano Plot filtering was conducted to 
identify differentially expressed circRNAs between two 
samples with statistical significance (fold change ≥2.0 or 
≤−2.0, P < 0.05). Hierarchical clustering was performed 
to distinguish circRNAs expression patterns among 
samples.

Quantitative Real-Time Reverse 
Transcriptase-Polymerase Chain Reaction 
(qRT-PCR)
qRT-PCR was performed to validate the result of circRNA 
microarray assay and detect plasma circRNA levels. We 
synthesized the primers by Generay Biotech (Shanghai, 
China) and used GAPDH as an internal control. The 
divergent primer sequences were as follows: 5ʹ-AGTT 
CATCGGGGTGCTCTAC-3ʹ (sense) and 5ʹ-CACCTTGA 
TAGCCTGGCCGA-3ʹ (antisense) for hsa_circ_0001715; 
5ʹ-GGACCTGACCTGCCGTCTAG-3ʹ (sense) and 5ʹ- 
GTAGCCCAGGATGCCCTTGA −3ʹ (antisense) for GAP 
DH. All experiments were independently detected in triple 
by investigators in our laboratory. CircRNAs expression 
levels were obtained using the relative level of 2−∆∆Ct 

method and represented as fold changes.
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Statistical Analysis
In the present study, we presented data as mean ± SD and 
tested continuous variables through Kolmogorov–Smirnov 
and Shapiro–Wilk. Normally and non-normally distributed 
continuous variables were measured through two-tailed 
Student’s t-tests and Mann–Whitney U-tests, respectively. 
Chi-square test was used to test categorical variables. ROC 
curve was performed to measure the diagnostic performance 
of circRNA. The cutoff was calculated according to 
Youden’s index. Furthermore, with SPSS Statistics 17.0 
(IBM, Armonk, NY, USA) and Graphpad Prism 6.0 software 
(GraphPad Software Inc., La Jolla, CA, USA), we conducted 
the ANOVA test and ROC analysis. P< 0.05 was considered 
statistically significant. Kaplan-Meier method and Log rank 
test were used to perform survival curves and survival char-
acteristics. The significance of different prognostic 
factors for OS, including age, gender, tissue differentiation, 
carcinoembryonic antigen (CEA), tumor size, 
lymph metastasis, distant metastasis, TNM stage, and plasma 
hsa_circ_0001715 level, was analyzed using univariate and 
multivariate Cox proportional hazards model.

Results
Expression Profile of circRNA in Lung 
Adenocarcinoma Patients
The demographic and clinicopathologic characteristics of 
patients were shown in Tables 1 and 2. To explore differ-
entially expressed circRNAs in lung adenocarcinoma 
patients, we performed circRNA microarray assay in 5 
paired lung adenocarcinoma tissues and adjacent normal 
tissue specimens. Hierarchical clustering (Figure 1A) and 
scatter plot (Figure 1B) showed that circRNAs were vari-
ably expressed in lung adenocarcinoma tissues and adjacent 
normal tissues. Volcano plot filtering (Figure 1C) revealed 
that 394 circRNAs were differentially expressed (fold- 
change ≥2.0 and P < 0.05), including 215 up-regulated 
and 179 down-regulated circRNAs. Among them, hsa_-
circ_0001715, which is produced at exon 8–11 of the 
LIMK1 gene locus, was identified to be the most up- 
regulated circRNA. These results indicate that an aberrant 
circRNA expression profile in lung adenocarcinoma tissues 
and hsa_circ_0001715 was filtered for further validation.

Validation of the Specificity of Amplified 
Hsa_circ_0001715
To determine the specificity of hsa_circ_0001715, we 
amplified hsa_circ_0001715 by qRT-PCR using 

divergent primers. Agarose electrophoresis revealed 
a fragment with the expected size of the circRNA frag-
ment (Figure 2A). In addition, melting curve analysis 
yielded a single peak (Figure 2B). Sequence analysis of 
the amplified product showed that the sequence of hsa_-
circ_0001715 was consistent with circBase (Figure 2C). 
These results show that hsa_circ_0001715 is present in 
lung adenocarcinoma tissues and could be amplified by 
qRT-PCR.

Upregulated Hsa_circ_0001715 
Expression in Lung Adenocarcinoma 
Tissues
To validate the results of circRNA microarray, we exam-
ined the expression of candidate circRNA by qRT-PCR 
in the other forty-three paired lung adenocarcinoma 
tissues and adjacent normal tissues. The expression 
levels of hsa_circ_0001715 in paired lung adenocarci-
noma tissues and adjacent normal tissues are shown in 
Figure 3A. The expression levels of hsa_circ_0001715 

Table 1 The Relationships of Hsa_circ_0001715 in Tissues with 
the Clinicopathological Factors of Lung Adenocarcinoma Patients

Characteristics Number Mean ± SD P-value

Age (years) 0.585

≥65 18 0.529±0.137

<65 25 0.555±0.162

Gender 0.753

Male 17 0.535±0.130
Female 26 0.550±0.166

Differentiation 0.153

Moderate – Well 19 0.507±0.159

Poor 24 0.574±0.141

Lymph node metastasis 0.045*

N0-N1 23 0.502±0.160
N2-N3 20 0.594±0.127

Tumor size (cm) 0.348
≤3 17 0.517±0.175

>3 26 0.562±0.134

TNM stage 0.028*

I–II 21 0.493±0.165

III–IV 22 0.594±0.121

Distant metastasis 0.026*

Absent 36 0.522±0.146
Present 7 0.660±0.132

Note: *Significant difference. 
Abbreviation: SD, standard deviation.
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in lung adenocarcinoma tissues were significantly higher 
than those in matched adjacent normal tissues (0.545 ± 
0.151 vs 0.454 ± 0.118, P< 0.001, Figure 3B). These 
results indicate hsa_circ_0001715 is upregulated in lung 
adenocarcinoma tissues.

Plasma Hsa_circ_0001715 is Elevated in 
Lung Adenocarcinoma Patients
We further examined plasma hsa_circ_0001715 levels 
in lung adenocarcinoma patients and healthy controls. 
Our qRT-PCR assays showed that plasma hsa_-
circ_0001715 levels were significantly higher in lung 
adenocarcinoma patients than those in healthy controls 
(0.455 ± 0.083 vs 0.310 ± 0.096, P< 0.001, Figure 3C). 
These results indicate the expression of plasma hsa_-
circ_0001715 is elevated in lung adenocarcinoma 
patients.

Relationships Between Tissue or Plasma 
Hsa_circ_0001715 Levels and 
Clinicopathologic Variables of Lung 
Adenocarcinoma Patients
We further investigated the association between the expres-
sion of hsa_circ_0001715 in lung adenocarcinoma tissues 
and plasma and clinicopathologic variables of lung adeno-
carcinoma patients. As shown in Table 1, higher hsa_-
circ_0001715 levels were observed in patients with N2-N3 
versus N0-N1 lung adenocarcinoma (P = 0.045), patients 
with stage III–IV versus stage I–II lung adenocarcinoma 
(P = 0.028), and patients with distant metastasis versus no 
distant metastasis (P = 0.026). However, no statistically 
significant correlation was found between the expression 
of hsa_circ_0001715 and other clinical factors, such as 
age (P = 0.585), gender (P = 0.753), differentiation (P = 
0.153) and tumor size (P = 0.348). These results suggest 
that lymph node metastasis, TNM stage and distant metas-
tasis are significantly associated with hsa_circ_0001715 
expression levels in lung adenocarcinoma tissues.

As shown in Table 2, higher plasma hsa_circ_0001715 
levels were observed in patients with CEA positive versus 
CEA negative (P = 0.022), patients with TNM stage III– 
IV versus stage I–II patients (P = 0.039), patients with 
distant metastasis versus no metastasis (P = 0.030). 
However, we found no association between plasma hsa_-
circ_0001715 and other clinicopathological factors, such 
as age (P = 0.175), gender (P = 0.260), differentiation (P = 
0.143), tumor size (P = 0.101) and lymph node metastasis 
(P = 0.056). Taken together, these results suggest plasma 
hsa_circ_0001715 levels are significantly associated with 
plasma CEA, TNM stage and distant metastasis.

Plasma Hsa_circ_0001715 Acted as 
a Diagnostic Biomarker of Lung 
Adenocarcinoma
To investigate the diagnostic value of plasma hsa_-
circ_0001715, we performed ROC curve analysis. 
Hsa_circ_0001715 had an AUC value of 0.871 (95% CI: 
0.807–0.936) (Figure 4). At a cutoff of 0.417, plasma hsa_-
circ_0001715 had a sensitivity, specificity and accuracy of 
87.72%, 71.67% and 79.49%. The positive predictive value 
was 86.00% and the negative predictive value was 74.63%. 
These findings indicate that plasma hsa_circ_0001715 could 
be a promising biomarker for the diagnosis of lung 
adenocarcinoma.

Table 2 The Relationship of Hsa_circ_0001715 in Plasma with 
the Clinicopathological Factors of Lung Adenocarcinoma Patients

Characteristics Number Mean ± SD P-value

Age (years) 0.175

≥65 28 0.469±0.084

<65 32 0.439±0.081

Gender 0.260

Male 33 0.444±0.087
Female 27 0.468±0.078

Differentiation 0.143

Moderate – Well 30 0.439±0.075

Poor 30 0.471±0.089

Tumor size (cm) 0.101

≤3 23 0.432±0.090
>3 37 0.469±0.077

Lymph node metastasis 0.056
N0-N1 35 0.437±0.081

N2-N3 25 0.479±0.082

Distant metastasis 0.030*

Absent 44 0.440±0.078

Present 16 0.496±0.086

TNM stage 0.039*

I–II 31 0.433±0.082
III–IV 29 0.478±0.080

CEA 0.022*
Negative 34 0.433±0.077

Positive 26 0.482±0.084

Note: *Significant difference. 
Abbreviations: SD, standard deviation; CEA, carcinoembryonic antigen.
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Prognostic Significance of Plasma 
Hsa_circ_0001715 for Lung 
Adenocarcinoma
To evaluate the prognostic value of plasma hsa_-
circ_0001715, lung adenocarcinoma patients were 
divided into low- and high-concentration of plasma 
hsa_circ_0001715 groups in accordance with the opti-
mal cutoff value (0.417). Using Kaplan-Meier curves 
and Log rank test, the OS of lung adenocarcinoma 
patients with high-level of plasma hsa_circ_0001715 
was significantly shorter than those with low-level of 
hsa_circ_0001715 (24.88 months vs 40.56 months, P = 
0.004) (Figure 5). According to univariate analysis 
(Table 3), OS was associated with tissue differentiation 
(P = 0.041), lymph node metastasis (P = 0.038), distant 
metastasis (P = 0.001), TNM stage (P = 0.005) and 
plasma hsa_circ_0001715 (P = 0.014), but not with 
age (P = 0.689), gender (P = 0.348), CEA (P = 0.062) 
and tumor size (P = 0.581). Moreover, to identify the 
prognostic value of plasma hsa_circ_0001715, we used 
the Cox proportional hazards model to perform multi-
variate analysis of prognostic factors. Multivariate Cox 
regression analysis revealed that plasma hsa_-
circ_0001715 level (HR 0.807, 95% CI, 0.663–0.982, 

P = 0.032) and distant metastasis status (HR 2.418, 
95% CI, 1.063–5.499, P = 0.035) were independent 
prognostic biomarkers for OS of lung adenocarcinoma 
(Table 3). On the whole, our results indicate that hsa_-
circ_0001715 may act as a novel tumor biomarker for 
the prognosis of patients with lung adenocarcinoma.

Discussion
CircRNAs are novel class of endogenous noncoding 
RNAs and characterized by covalently closed continuous 
loop with back-splicing joined 3′- and 5′-ends.15 

CircRNAs were first observed in RNA virus decades ago, 
but were mistaken as by-products of splicing errors.15,16 

With the development of high-throughput RNA sequen-
cing and bioinformatic approaches, many circRNAs were 
identified as crucial layers of gene regulators.9,17 

Increasing evidence proved that circRNAs are implicated 
in tumor development and can act as microRNA sponge to 
compete with endogenous RNA. For example, Memczak 
et al reported that ciRS-7 can sponge miR-7 to sequester 
and suppress miR-7 activity, and promote overexpression 
of miR-7 targets, resulting in initiation and development of 
cancer.18 CircRNAs are widely expressed, highly con-
served in sequence, specific expression in tissues and 
more stable in the presence of RNA exonucleases.19 All 

Figure 1 Analysis of differentially expressed circRNAs in five paired lung adenocarcinoma tissues and adjacent normal tissues. (A) Hierarchical clustering results of circRNA 
expression profiles between the lung adenocarcinoma tissues and matched normal tissues. The result from unsupervised hierarchical clustering analysis reveals distinguish-
able circRNAs expression profiling among specimens. Red: higher expression level, green: lower expression level. (B) CircRNAs in the scatter plot above the top green line 
and below the bottom green line indicate change of circRNAs between the two groups (P< 0.05). (C) Volcano plot of circRNA expression profile. The vertical lines 
correspond to 2.0-fold upregulation and downregulation, and the horizontal line represents a P-value of 0.05. The red point in the plot represents the differentially expressed 
circRNAs with statistical significance. 
Abbreviations: N, adjacent normal tissues; C, lung adenocarcinoma tissues.

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
10779

Dovepress                                                                                                                                                                Lu et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


these characteristics make circRNA in tumor tissue or 
peripheral blood an ideal biomarker for diagnosis and 
prognosis of different tumors.20,21

In the present study, we firstly used 5 paired lung 
adenocarcinoma and adjacent normal tissue specimens to 
systematically characterize the circRNA expression profile 

by microarray analysis. Hsa_circ_0001715 was identified 
to be the most up-regulated circRNA and the result was 
validated by qRT-PCR in 43 paired additional lung adeno-
carcinoma and adjacent normal tissues. Therefore, we 
selected hsa_circ_0001715 as the candidate circRNA for 
further study.

Figure 2 The specificity of amplified hsa_circ_0001715 with divergent primers. (A) Electrophoresis of qRT-PCR product of hsa_circ_0001715. (B) Melting curve analysis of 
qRT-PCR product of hsa_circ_0001715. (C) Sequencing the amplified product of hsa_circ_0001715.
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Our results indicated that hsa_circ_0001715 was sig-
nificantly up-regulated in lung adenocarcinoma tissues and 
plasma, and it was positively correlated with TNM stage 
and distant metastasis. It is of note that increasing TNM 
stage and present of distant metastasis are associated with 
the decreased survival time in lung cancer patients, as well 
as they both are independent prognostic factors for lung 
cancer,22–24 we speculate that hsa_circ_0001715 play 
a role in promoting tumor metastasis and may be served 
as a valuable marker for predicting tumor progression in 
patients with lung adenocarcinoma.

Increasing evidence proved that plasma circRNAs can 
be used as efficient molecular biomarkers for the diagnosis 
of cancer. For instance, Yin et al revealed that plasma 
hsa_circ_0001785 had better diagnostic accuracy for 

breast cancer than carbohydrate antigen 153 (CA153) 
and CEA in breast cancer.25 Qiao et al have demonstrated 
that plasma hsa_circ_0003998 can be used as an efficient 
molecular biomarker for hepatocellular carcinoma diagno-
sis and the combination of hsa_circ_0003988 and AFP can 
improve sensitivity and specificity.26 Switching to the field 
of NSCLC, Hang et al reported that the expression of 
plasma circFARSA was upregulated in NSCLC patients 
than those in healthy controls and the AUC value was 
0.71.27 To investigate the diagnostic value of plasma hsa_-
circ_0001715 for lung adenocarcinoma, we performed 
ROC curve analysis in lung adenocarcinoma patients and 
healthy controls. As shown in Figure 4, an AUC value for 
plasma hsa_circ_0001715 reached 0.871. Using a cutoff of 

Figure 3 Relative hsa_circ_0001715 expression in lung adenocarcinoma tissues and plasma. (A) The expression levels of hsa_circ_0001715 in each comparison between 
lung adenocarcinoma and matched-adjacent normal tissue (n = 43). (B) The expression levels of hsa_circ_0001715 in lung adenocarcinoma tissues relative to matched- 
adjacent normal tissues. (C) The plasma hsa_circ_0001715 levels were significantly higher compared to healthy controls. (***P < 0.001).

Figure 4 ROC curve of plasma hsa_circ_0001715. Plasma hsa_circ_0001715 had 
an AUC value of 0.871 (95% CI: 0.807–0.936) to discriminate patients with lung 
adenocarcinoma from healthy controls. With a cutoff of 7.58, the sensitivity, 
specificity and accuracy were 87.72%, 71.67% and 79.49%, respectively. 
Abbreviation: ROC, receiver operating characteristic.

Figure 5 Kaplan–Meier survival curves for OS of lung adenocarcinoma patients with 
low- and high-concentration of plasma hsa_circ_0001715. Lung adenocarcinoma 
patients with high plasma hsa_circ_0001715 expression had a shorter OS than those 
with low-level of hsa_circ_0001715 (24.88 months vs 40.56 months, P = 0.004).
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7.58, the sensitivity, specificity and accuracy of hsa_-
circ_0001715 in diagnosis were 87.72%, 71.67% and 
79.49%, respectively. These results indicate that plasma 
hsa_circ_0001715 could be a promising biomarker for the 
diagnosis of lung adenocarcinoma.

Furthermore, circRNAs have been shown to provide 
a potential prognostic indicator for survival in many 
tumors. For example, CircYAP1 in gastric cancer,28 hsa_-
circ_0078602 in hepatocellular carcinoma,29 and ciRS-7 in 
colorectal cancer.30 The prognostic value of plasma hsa_-
circ_0001715 in lung adenocarcinoma patients remains 
unknown. Using Kaplan-Meier curves and Log rank test, 
plasma hsa_circ_0001715 level in lung adenocarcinoma 
patients was conversely correlated with patients’ OS. In 
other words, compared to low plasma hsa_circ_0001715 
levels, lung adenocarcinoma patients with high level had 
shorter survival time (24.88 months vs 40.56 months, P = 
0.004). Multivariate Cox regression analysis revealed that 
plasma hsa_circ_0001715 level (P = 0.032) and distant 
metastasis status (P = 0.035) were independent prognostic 
factors for OS of lung adenocarcinoma.

Our study had some limitations. First, the sample size 
enrolled in our study is relatively small. Second, when we 
detect the expression of circRNAs in plasma, we should 
spike exogenous RNA into the plasma samples before 
RNA extraction to serve as a reference, the detection of 
hsa_circ_0001715 in plasma will be more credible. 
Furthermore, we all know that joint detection can improve 
the sensitivity and specificity of diagnosis. In the further 
study, we will validate more other differential expression 
circRNAs and investigate the value of joint detection of 

hsa_circ_0001715 and other circRNAs in lung 
adenocarcinoma.

In conclusion, hsa_circ_0001715 is up-regulated in 
lung adenocarcinoma tissues and plasma, and its 
expression level is associated with TNM stage and 
distant metastasis. Our results reveal that plasma hsa_-
circ_0001715 may be utilized as a potential non- 
invasive diagnostic biomarker for lung adenocarcinoma 
with a favorable degree of sensitivity, specificity and 
accuracy. Furthermore, plasma hsa_circ_0001715 can 
serve as a prognostic predictor for lung adenocarci-
noma and a high plasma hsa_circ_0001715 is corre-
lated with poor prognosis. Additional studies are 
necessary to confirm the specific molecular mechan-
isms of hsa_circ_0001715 in lung adenocarcinoma 
metastasis. 
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Gender Male vs female 1.321 (0.739–2.364) 0.348
Tissue 

differentiation

Poor vs middle-high 1.893 (1.025–3.498) 0.041* 1.303 (0.659–2.575) 0.447

Tumor size (cm) >3 vs ≤3 1.179 (0.656–2.119) 0.581
Lymph node 

metastasis

N2-3 vs N0-1 1.889 (1.035–3.447) 0.038* 0.507 (0.165 −1.559) 0.236

Distant metastasis Present vs Absent 3.038 (1.590–5.804) 0.001* 2.418 (1.063–5.499) 0.035*
TNM stage I–II vs III–IV 2.391 (1.297–4.408) 0.005* 2.393 (0.736–7.783) 0.147

CEA Positive vs negative 1.721 (0.874–3.042) 0.062
hsa_circ_0001715 High vs Low 0.778 (0.637–0.950) 0.014* 0.807 (0.663–0.982) 0.032*

Note: *Significant difference. 
Abbreviations: HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen.
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