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Abstract
Background: Circular	RNAs	(circRNAs)	have	been	identified	to	be	involved	in	onset	
and progression of multiple malignant tumors. The present study aimed to systemati-
cally	evaluate	the	diagnostic	values	of	circRNAs	in	breast	cancer.
Methods: The	PubMed,	Web	of	Science,	Embase,	CNKI,	and	Wanfang	online	data-
bases	were	searched	for	the	relevant	studies	before	December	31,	2020.	Statistical	
analysis	of	the	diagnostic	tests	was	performed	based	on	STATA	16.0,	Meta-	DiSc	1.4,	
and RevMan 5.3 software. The threshold effect and publication bias were measured 
by	the	Spearman	correlation	and	Deeks’	funnel	plot	asymmetry	test,	respectively.
Results: Twenty-	one	studies	from	13	articles	were	included	in	this	meta-	analysis.	The	
pooled	sensitivity	and	specificity	were	0.77	and	0.71,	respectively.	The	pooled	posi-
tive	likelihood	ratio	(PLR),	negative	likelihood	ratio	(NLR),	and	overall	diagnostic	odds	
ratio	(DOR)	were	2.6,	0.33,	and	8,	respectively.	Furthermore,	the	area	under	the	sum-
mary	 receiver	 operator	 characteristic	 curve	was	 0.80.	 In	 addition,	 down-	regulated	
circRNAs	achieved	a	diagnostic	performance	higher	than	up-	regulated	circRNAs,	with	
area	under	curve	(AUC)	values	of	0.81	and	0.74,	respectively.	Studies	based	on	tissue	
samples	presented	better	diagnostic	accuracy	than	those	based	on	plasma	samples,	
with	AUC	values	of	0.80	and	0.67.	In	addition,	two	circRNAs,	including	circ_0001073	
and	circTADA2A-	E5/E6,	showed	higher	diagnostic	values,	with	AUC	value	of	0.990	
and	 0.937,	 respectively.	 According	 to	 the	 results	 of	meta-	regression,	 the	 case	 size	
(p<0.05)	might	be	the	source	of	the	heterogeneity.
Conclusion: CircRNAs	exhibited	a	high	diagnostic	value	 for	breast	 cancer	and	may	
function	as	potential	diagnostic	biomarkers	for	breast	cancer.
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1  |  INTRODUC TION

Breast cancer has surpassed lung cancer as the most commonly diag-
nosed cancer and is the leading cause of cancer death among women 
worldwide	 in	2020,	 followed	by	colorectal	and	 lung	cancer	 for	 in-
cidence and vice versa for mortality.1 Despite significant advances 
in	diagnosis,	surgical	 intervention,	and	local	and	systemic	adjuvant	
therapies,	the	overall	5-	year	survival	rate	of	breast	cancer	remains	
unsatisfied. Previous studies have suggested that accurate detec-
tion for early breast cancer significantly reduced breast cancer death 
rates in the long term.2	Patients	with	tumors≤2.0	cm	have	a	5-	year	
survival of 95% compared with 70% for those with tumors >5 cm.3 
Mammography is used as a gold standard for early breast cancer 
screening;	however,	the	high	false-	positive	and	false-	negative	rates,	
as	well	 as	 overdiagnosis,	 remain	 a	major	 concern	 in	 breast	 cancer	
screening.4,5	Apart	 from	screening	 techniques,	 a	breast	biopsy,	 an	
invasive	 method,	 is	 generally	 performed	 to	 distinguish	 between	
cancerous	and	benign	tissues,	but	it	is	time-	consuming	and	requires	
skilled	 labor.6	 Some	 biomarkers	 have	 also	 been	 clinically	 used	 for	
the	 diagnosis	 of	 breast	 cancer,	 such	 as	 carbohydrate	 antigen	 153	
(CA153)	and	the	serum	carcinoembryonic	antigen	 (CEA);	however,	
the	sensitivity	and	specificity	of	these	biomarkers	are	still	unsatis-
fied.7,8	 Thus,	 the	 discovery	 of	 effective,	 noninvasive,	 and	 reliable	
biomarkers	 is	pressing	 for	 the	diagnosis,	prognosis,	 and	 treatment	
of breast cancer.

Circular	RNA	(circRNA)	was	first	discovered	in	RNA	viruses,	which	
assumes	a	covalent	closed-	loop	structure	generated	by	backsplicing	
of	precursor	mRNA.9	In	the	past	several	decades,	circRNAs	were	de-
fined	as	the	by-	products	of	splicing	errors	without	biological	func-
tions.10	With	the	development	of	high-	throughput	RNA	sequencing	
technologies	and	bioinformatics,	a	larger	number	of	circRNAs	have	
been identified.11	CircRNAs	are	 identified	as	noncoding	circRNAs;	
however,	some	circRNAs	may	be	translated	into	protein,	if	there	is	
an	internal	ribosome	entry	site	(IRES)	present.12,13	According	to	the	
source	of	sequence,	circRNAs	are	classified	into	four	categories:	ex-
onic	circRNAs,	composed	of	exons	only	and	found	mainly	in	the	cy-
toplasm14;	intron-	derived	circRNAs,	composed	of	introns	and	mostly	
expressed	in	the	nucleus15;	retained-	intron	circRNAs,	composed	of	
exons	and	introns	and	mainly	expressed	in	the	nucleus16; and virus 
circRNAs,	generated	by	circularization	of	viral	RNA	genomes,	tRNAs,	
rRNAs,	and	snRNAs,	among	others.17,18	CircRNAs	regulate	gene	ex-
pression	by	serving	as	microRNA	sponges	and	interacting	with	RNA-	
binding proteins.19,20	 Emerging	 evidence	 shows	 that	 circRNAs	 are	
essential for the onset and development of malignant tumors.21-	23 
Most	circRNAs	are	often	specifically	expressed	in	different	tissues	
and at different developmental stages.24	Furthermore,	circRNAs	are	
resistant	to	exonuclease	or	ribonuclease-	mediated	degradation	and	
are	more	 stable	 than	 linear	mRNAs.25,26	All	 these	 properties	 sug-
gested	that	circRNAs	may	be	an	extra	potential	biomarker	for	early-	
stage	cancer.	 In	this	study,	we	conducted	a	systematic	review	and	
meta-	analysis	to	evaluate	the	value	of	circRNAs	in	the	diagnosis	of	
breast cancer.

2  |  MATERIAL S AND METHODS

2.1  |  Literature search strategy

An	electronic	search	of	PubMed,	Web	of	Science,	Embase,	CNKI,	and	
Wanfang was performed for eligible articles that were published before 
December	31,	2020.	No	language	restrictions	were	imposed.	The	follow-
ing	keywords	were	used	 to	 retrieve	 literature:	 (“circular	RNA”	OR	“cir-
cRNA”)	AND	(“breast	cancer”	OR	“breast	carcinoma”	OR	“breast	tumor”	
OR	“breast	neoplasm”	OR	“mammary	cancer”).	Then,	the	title,	abstract,	
and	full	text	are	reviewed	manually	by	two	researchers	(CMY	and	FYQ)	
to identify the appropriate studies. We also manually searched the refer-
ence lists of all included articles to obtain additional data.

2.2  |  Inclusion and exclusion criteria

Studies	that	met	the	following	inclusion	criteria	were	included	in	the	
meta-	analysis:	 (1)	 patients	with	 a	 pathological	 diagnosis	 of	 breast	
cancer;	 (2)	 studies	 that	 detected	 the	 circRNA	expression	 levels	 in	
serum,	plasma,	or	tissue;	and	(3)	true	positive	(TP),	false	positive	(FP),	
true	negative	(TN),	and	false	negative	(FN)	were	available	or	could	be	
calculated	indirectly.	Studies	were	excluded	if	(1)	irrelevant	to	breast	
cancer,	circRNA	or	diagnosis;	or	(2)	duplicate	data	as	previous	stud-
ies;	or	(3)	reviews,	animal	experiments,	letters,	conference	abstracts	
and	meta-	analyses;	or	(4)	with	insufficient	data.

2.3  |  Data extraction

The	full	texts	of	all	eligible	studies	were	reviewed	by	two	researchers	
(CMY	and	FYQ)	independently.	Any	disagreements	were	discussed	
with	a	 third	 investigator	 (JYC)	until	a	consensus	was	 reached.	The	
following	data	were	extracted	from	each	study:	(1)	first	author,	pub-
lication	year,	country,	type	of	circRNAs,	sample	size,	control	source,	
and	 specimen	 type;	 (2)	 altered	 expression	 and	 detection	method;	
and	 (3)	 diagnostic	 sensitivity	 and	 specificity	 of	 circRNAs.	RevMan	
software	was	applied	to	extract	the	sensitivity,	specificity,	and	area	
under	curve	(AUC)	indirectly	from	TP,	FP,	TN,	and	FN	values	if	the	
studies did not present complete diagnostic data.

2.4  |  Quality assessment

Quality	Assessment	of	Diagnostic	Accuracy	Studies	2	(QUADAS-	2)	
was adopted to judge the quality and bias of the eligible studies.27 
The	QUADAS-	2	checklist	was	composed	of	two	parts,	“risk	of	bias”	
and	“applicability	concerns.”	The	risk	of	bias	is	assessed	in	four	key	
areas:	patient	selection,	index	test,	reference	standard,	and	flow	and	
timing.	Concern	for	applicability	is	assessed	in	three	key	areas:	pa-
tient	 selection,	 index	 test,	 and	 reference	 standard.	Each	 item	was	
evaluated	as	low	risk,	high	risk,	or	unclear	risk.28 If a study is judged 
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“high”	or	“unclear”	in	1	or	more	domains,	then	it	may	be	judged	“at	
risk	of	bias”	or	as	having	“concerns	regarding	applicability.”

2.5  |  Statistical analysis

Statistical	 analysis	 of	 the	 diagnostic	 tests	 was	 conducted	 using	
STATA	16.0,	Meta-	DiSc	1.4,	and	RevMan	5.3	software.	The	hetero-
geneity among each selected study was estimated by the Higgins 
I2	statistics	and	Cochran's	Q-	test.	I2 > 50% and Phet <0.05 suggest 
that there was significant heterogeneity among the included stud-
ies,	and	a	random-	effect	model	was	applied	to	estimate	the	pooled	
results;	otherwise,	a	fixed-	effect	model	was	applied.29 To estimate 
the	ability	of	circRNAs	to	distinguish	between	breast	cancer	cases	
and	 controls,	 we	 extracted	 TP,	 FP,	 TN,	 and	 FN	 values	 from	 each	
study	 and	 used	 a	 random-	effects	 model	 to	 quantify	 the	 pooled	
sensitivity	[TP/(FN	+	TP)],	specificity	[TN/(FP	+	TN)],	positive	like-
lihood	 ratio	 (PLR)	 [(SEN/	 (1-	SPE)],	 negative	 likelihood	 ratio	 (NLR)	
[(1-	SEN)/SPE)],	overall	diagnostic	odds	ratio	 (DOR)	[PLR/NLR],	and	
AUC	with	their	corresponding	95%	confidence	intervals	(CIs)	for	the	
diagnostic	meta-	analysis.	Fagan	plot	analysis	was	performed	to	as-
sess	 the	 clinical	 value	 of	 circRNAs.	 Spearman	 correlation	 analysis	
was	 conducted	 to	 verify	 the	 threshold	 effects.	 Subgroup	 analysis	
and	meta-	regression	were	applied	to	explore	the	potential	sources	
of	heterogeneity	based	on	specimen	(tissue	or	plasma),	sample	size	
(≥100	 or	 <100),	 and	 circRNA	 expression	 status	 (up-	regulation	 or	
down-	regulation).	Sensitivity	analysis	was	performed	to	assess	the	
stability	 and	 reliability	 of	 the	 meta-	analysis	 results.	 Additionally,	

publication	bias	was	evaluated	using	Deeks’	funnel	plot	asymmetry	
test.30 P-	value	<0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Search results

The	study	selection	procedure	is	shown	in	a	flow	diagram	(Figure	1).	
A	total	of	1134	articles	were	initially	retrieved	from	the	online	da-
tabases	according	to	the	search	strategy.	A	total	of	536	records	re-
mained after removal of duplicates. Upon a careful reading of the 
titles	 and	 abstracts,	 178	 articles	were	 ruled	 out	 due	 to	 irrelevant	
topics.	The	remaining	358	articles	were	further	examined	by	review	
of	 the	 full	 text;	 as	 a	 result,	 345	 articles	were	 excluded	 according	
to	exclusion	criteria.	The	remaining	13	studies31-	43 were finally in-
cluded	for	the	subsequent	meta-	analysis.

3.2  |  Study characteristics and quality assessment

The	meta-	analysis	of	13	articles,	involving	1,755	cases	and	1,085	
controls,	has	been	the	largest	sample	study	for	predicting	the	ef-
fect	of	circRNAs	on	the	diagnosis	of	breast	cancer	to	date.	All	stud-
ies were published between 2017 and 2020 in China as shown in 
Table	1.	In	total,	thirteen	studies	comprised	of	21	circRNAs	were	
included	in	the	meta-	analysis,	among	which	nine	circRNAs	were	
identified	as	tumor	promoters	and	twelve	circRNAs	were	tumor	

F I G U R E  1 Steps	for	screening	eligible	
articles
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suppressors.	 The	 expression	 levels	 of	 circRNA	 in	 all	 included	
studies	 were	 detected	 by	 quantitative	 reverse	 transcription-	
polymerase	 chain	 reaction	 (qRT-	PCR)	 in	 tissue	 (n	 =	 17)	 and	
plasma	 (n	=	4).	Six	articles31,32,36,38,42,43 directly provided sensi-
tivity,	 specificity,	 and	 the	area	under	 the	ROC	curve;	moreover,	
we calculated the sensitivity and specificity for the other seven 
studies33-	35,37,39-	41 by using RevMan software. Each of the eligible 

studies	was	 scrutinized	 via	 the	QUADAS-	2,	 in	 the	 areas	 of	 risk	
of	bias	and	concern	 for	applicability	 (Table	2	and	Figure	2).	The	
greatest	 risk	 of	 bias	 was	 most	 often	 associated	 with	 the	 items	
flow	and	timing	and	index	test.	The	greatest	concern	in	the	cat-
egory of applicability was the patient selection. The concern for 
bias and applicability was most often due to failure to provide 
sufficient data to permit a judgment.

TA B L E  2 Study	quality	of	the	diagnostic	studies,	as	judged	by	the	QUADAS-	2	checklist

Study

Risk of bias Applicability concerns

Patient 
selection Index Test

Reference 
standard Flow and timing

Patient 
Selection Index Test

Reference 
Standard

Hu et al.31 ? ?

Li	et	al.32 ? ?

Li	et	al.33 ? ?

Liu	et	al.34 ? ? ?

Xing et al.35 ? ? ?

Yi et al.36 ? ? ?

Yuan et al.37 ? ?

Zheng et al.38 ? ?

Xiao et al.39 ?

Yang et al.40 ? ?

Xu et al.41 ?

Yin et al.42 ? ?

Lv	et	al.43 ? ?

Note:  = low;  = high; ? = unclear.
“Low”	means	“at	low	risk	of	bias”	or	having	“low	concern	regarding	applicability”;	“High”	means	“at	risk	of	bias”	or	having	“concerns	regarding	
applicability”;	and	“unclear”	means	insufficient	data	for	judgment.

F I G U R E  2 Quality	assessment	of	
eligible	studies.	“Low”	means	“at	low	risk	
of	bias”	or	having	“low	concern	regarding	
applicability”;	“High”	means	“at	risk	of	
bias”	or	having	“concerns	regarding	
applicability”;	and	“unclear”	means	
insufficient data for judgment
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3.3  |  Diagnostic analysis

As	 shown	 in	 Figure	 3,	 there	 was	 significant	 heterogeneity	 in	 the	
pooled	 sensitivity	 (I2 =	 90.56%,	 Phet <	 0.001)	 and	 specificity	
(I2 =	 83.99%,	 Phet <	 0.001);	 thus,	 the	 random-	effects	 model	 was	
applied	to	analyze	the	diagnostic	parameters.	The	pooled	sensitiv-
ity	and	specificity	were	0.77	(95%	CI:	0.70–	0.83)	and	0.71	(95%	CI:	
0.63–	0.78),	respectively.	In	addition,	the	pooled	PLR,	NLR,	and	DOR	
were	2.6	(95%	CI:	2.0–	3.5),	0.33	(95%	CI:	0.24–	0.45),	and	8	(95%	CI:	
5–	14),	respectively.	Furthermore,	we	drew	a	summary	receiver	op-
erator	characteristic	(SROC)	curve	and	calculated	the	value	of	AUC	
(0.80,	95%	CI:	0.77–	0.84,	Figure	4).	Then,	the	Fagan	plot	was	ana-
lyzed	to	present	the	clinical	value	of	circRNAs.	The	pre-	test	prob-
ability	of	the	left	column	is	62%,	the	PLR	of	the	middle	column	is	3,	
and	the	post-	test	probability	is	81%.	The	NLR	of	the	middle	column	is	
0.33,	and	the	post-	test	probability	is	35%	(Figure	S1).	Moreover,	we	
found	two	circRNAs,	 including	circ_0001073	and	circTADA2A-	E5/
E6	exhibited	high	diagnostic	potentials	 for	breast	cancer,	with	 the	
AUC	values	of	0.990	and	0.937,	respectively	(Table	1).	These	results	
indicated	that	circRNAs	have	moderate-	high	diagnostic	accuracy	for	
breast	cancer.	Additionally,	Spearman's	correlation	coefficient	value	

was	−0.197	and	the	P-	value	was	0.392	(>0.05),	suggesting	that	there	
was no threshold effect as well. It can be equated to the fact that the 
threshold effect is not a source of heterogeneity.

3.4  |  Subgroup analysis and meta- 
regression analysis

Subgroup	analyses	were	performed	according	to	specimen	(tissue	or	
plasma),	sample	size	(≥100	or	<100),	and	circRNA	expression	status	
(up-	regulation	or	down-	regulation)	to	explore	the	potential	sources	
of	 heterogeneity.	 As	 shown	 in	 Table	 3,	 down-	regulated	 circRNAs	
achieved	a	diagnostic	performance	higher	than	up-	regulated	circR-
NAs,	with	AUC	values	of	0.81	[95%CI:	0.78–	0.85]	and	0.74	[95%CI:	
0.70–	0.78].	 Studies	 based	 on	 tissue	 samples	 presented	 better	 di-
agnostic	accuracy	than	those	based	on	plasma	samples,	with	AUC	
values	 of	 0.80	 [95%CI:	 0.76–	0.83]	 and	 0.67	 [95%CI:	 0.63–	0.71],	
respectively. The heterogeneity of studies by tissue was higher 
than	 the	 studies	 by	 plasma	 samples	 (I2 =	 84.9%	 and	 I2 =	 76.5%).	
When	subgrouped	by	sample	size,	 there	was	no	heterogeneity	for	
the	studies	with	a	sample	size	of	less	than	100.	But	the	significant	

F I G U R E  3 Forest	plots	of	sensitivity	and	specificity	of	circRNAs	in	the	diagnosis	of	breast	cancer.	(A)	Pooled	sensitivity	for	circRNAs.	(B)	
Pooled	specificity	for	circRNAs
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heterogeneity	 existed	 for	 the	 studies	with	 a	 sample	 size	 of	more	
than	100	(I2 =	92.90,	Phet <0.01).	According	to	the	results	of	meta-	
regression,	 the	 case	 size	 (P <	 0.05)	 might	 be	 the	 source	 of	 the	
heterogeneity.

3.5  |  Sensitivity analysis and publication bias

Sensitivity	analysis	was	performed	by	omitting	studies	one	by	one,	
and results showed that removal of any single study did not alter 
the	 combined	 diagnostic	 effect	 (Figure	 5),	 suggesting	 that	 the	 re-
sults	 of	 this	 meta-	analysis	 were	 relatively	 stable	 and	 reliable.	 In	
order	to	evaluate	potential	publication	bias,	the	Deeks’	funnel	plot	
asymmetry test was performed. The P-	value	of	Deeks’	test	was	0.18	
(Figure	6),	illustrating	no	significant	publication	bias	existed.

4  |  DISCUSSION

Breast	 cancer	 is	 a	 major	 cause	 of	 cancer-	related	 deaths	 among	
women	worldwide,	and	the	early	diagnosis	is	imperative	for	improv-
ing	 disease	 prognosis.	 However,	 breast	 cancer	 is	 not	 easily	 diag-
nosed at the outset since no obvious symptoms typically occur at 
early	stage.	Thus,	developing	novel	accurate	and	efficient	diagnostic	
biomarkers	is	crucial	for	early	intervention.	Due	to	the	conserved	se-
quences,	high	stability,	and	tissue	specificity	of	circRNAs	in	tissue	or	
plasma,	circRNAs	have	been	considered	as	excellent	candidate	bio-
markers	in	many	kinds	of	tumors,	such	as	gastric	cancer,44 colorectal 
cancer,45	 hepatocellular	 carcinoma,46 and lung cancer.47 Previous 

F I G U R E  4 The	summary	receiver	operator	characteristic	(SROC)	
curve	of	circRNAs	in	the	diagnosis	of	breast	cancer.	The	study	case	
numbers inside of the graphics represent the corresponding articles 
we	used	for	the	meta-	analysis,	which	can	refer	to	Table	1
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studies	have	shown	that	circRNAs	are	involved	in	breast	cancer	de-
velopment	and	may	serve	as	potential	biomarkers	for	breast	cancer	
diagnosis.48	 However,	 there	 only	 has	 been	 one	 meta-	analysis	 fo-
cused	on	the	relationship	between	the	circRNAs	and	breast	cancer	
until now. Because there was insufficient literature at the time of 
the	search,	the	study	of	Ma	et	al.	included	only	4	diagnostic	studies	
involving	the	498	cases	and	271	controls.49

Our current study provided an updated systematic review and 
meta-	analysis	of	the	diagnostic	value	of	circRNAs	in	breast	cancer,	
which	included	13	qualified	studies	enrolling	1,755	cases	and	1,085	
controls.	In	our	study,	the	pooled	sensitivity	and	specificity	of	cir-
cRNAs	were	0.77	and	0.71,	respectively,	suggesting	that	circRNAs	

presented	well	diagnostic	accuracy.	The	AUC	of	 the	SROC	curve	
was	 0.80,	 which	 further	 reflects	 high	 potential	 diagnostic	 value	
for	breast	cancer.	The	pooled	PLR	was	2.6,	meaning	that	patients	
with	breast	cancer	have	2.6-	fold	possibility	of	altered	expression	
of	circRNAs	comparing	 to	normal	people.	 In	addition,	 the	pooled	
DOR	 of	 circRNAs	 was	 8,	 suggesting	 a	 powerful	 discriminating	
capacity	of	circRNAs	 to	discriminate	breast	cancer	patients	 from	
noncancerous	controls.	In	terms	of	clinical	value,	the	PLR-	post-	test	
probability	was	81%	and	 the	NLR-	post-	test	probability	was	35%.	
These mean that if a patient is diagnosed with a positive result 
through	 circRNAs,	 the	 probability	 of	 being	 breast	 cancer	 is	 81%	
and	 if	 a	 negative	 result,	 the	 probability	 of	 being	 healthy	 is	 35%.	

F I G U R E  5 Sensitivity	analysis	to	assess	
the	stability	results.	Sensitivity	analysis	
was performed by omitting each study 
one	by	one,	and	the	omitted	studies	were	
shown on the left side of the graphics

F I G U R E  6 The	Deeks’	funnel	plot	
asymmetry test for publication bias. Each 
point represents a separate study for the 
indicated association. The study case 
numbers inside of the graphics represent 
the corresponding articles we used for 
meta-	analysis,	which	can	refer	to	Table	1
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Together,	these	findings	suggest	that	circRNAs	might	be	effective	
biomarkers	 for	 breast	 cancer	 diagnosis.	 Some	 circRNAs,	 such	 as	
circ_0001073	and	circTADA2A-	E5/E6,	exhibited	higher	diagnostic	
values	in	the	diagnosis	of	breast	cancer,	with	AUC	values	of	0.990	
and	0.937,	respectively.36,41	Circ_0008673	possessed	higher	accu-
racy	 than	 traditional	 cancer	biomarkers	 such	 as	CA153	and	CEA	
in	 the	 diagnosis	 of	 breast	 cancer.	 In	 addition,	 the	 combined	 de-
tection	of	plasma	circ_0008673,	CA153,	and	CEA	showed	greater	
predictability	 than	 circ_0008673	 alone,	 with	 the	 AUC	 value	 of	
0.896.31	Recently,	Wang	et	al.	reported	that	three	circRNA	panels	
(circ_0000745,	 circ_0001531,	 and	 circ_0001640)	 showed	 better	
diagnostic	 value	 than	 each	 individual	 circRNA.50	 All	 these	 data	
strongly	supported	our	conclusion	that	circRNAs	exhibited	a	high	
diagnostic value for breast cancer.

As	circRNAs	with	different	expression	status	may	exert	differ-
ent	 functions	 in	breast	cancer,	we	conducted	subgroup	analyses.	
Stratified	 analysis	 based	 on	 circRNAs	 expression	 status	 showed	
that	 circRNA,	 which	 function	 as	 tumor	 suppressors,	 achieved	 a	
diagnostic	performance	higher	than	tumor	promoters,	and	tissue-	
based	circRNA	analysis	presented	better	diagnostic	accuracy	than	
plasma-	based	 analysis.	 Heterogeneity	 is	 inevitable	 in	 a	 meta-	
analysis51,52	and	was	 therefore	also	evident	 in	our	meta-	analysis.	
According	 to	SROC	curve	and	Spearman's	 correlation	coefficient	
of	−0.197	(P =	0.392),	we	found	that	there	was	no	threshold	effect.	
We	also	explored	the	possible	factors	responsible	for	heterogene-
ity	using	the	sensitivity	analysis	and	the	meta-	regression	test.	The	
sensitivity analysis revealed that no individual studies were outli-
ers,	suggesting	that	the	heterogeneity	of	our	data	is	acceptable	and	
the	combined	effects	are	reliable.	The	meta-	regression	test	traced	
the	factors,	such	as	specimen	type,	sample	size,	and	circRNA	ex-
pression	status,	and	revealed	that	sample	size	may	be	a	major	cause	
for heterogeneity.

Nevertheless,	limitations	still	exist	in	our	current	meta-	analysis.	
Firstly,	cases	of	studies	were	all	from	China	and	this	onefold	ethnic	
group will influence the final results and lead to population selection 
bias.	Secondly,	there	was	significant	heterogeneity	among	included	
studies.	 Although	 we	 performed	 subgroup	 analysis	 and	 meta-	
regression	analysis	to	explore	the	potential	sources,	the	results	did	
not	 fully	explain	 the	potential	heterogeneity.	 In	summary,	 the	cur-
rent	meta-	analysis	highlighted	 the	diagnostic	value	of	 circRNAs	 in	
breast	cancer.	However,	higher	quality	studies	with	more	cases	and	a	
wider range of populations are required to confirm the clinical value 
of	circRNAs	in	breast	cancer	in	future.
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