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Cancer has been regarded as one of the leading causes of mortality worldwide.

Diagnostic and prognostic biomarkers with high sensitivity and specificity for cancer play

a crucial role in preventing or treating cancer. Circular RNAs (circRNAs), which hold great

potential for the management of cancer patients due to their abundance, stable property,

and high specificity in serum, plasma, and other body fluids, can be used as non-invasive

and blood-based biomarkers in cancer diagnosis and prognosis. There are four types of

circRNAs including exonic circRNAs (ecircRNA), intronic circRNAs, exon-intron circRNAs

(EIciRNA), and intergenic circRNAs. CircRNAs can act as miRNA sponges, affect

protein translation, interplay with RNA binding proteins, regulate protein recruitment,

and modulate protein scaffolding and assembly. Therefore, the multifunctionalities of

circRNAs make them ideal for detecting and predicting cancer. Indeed, circRNAs

manifest high sensitivity and specificity in more than ten types of cancer. This review aims

to consolidate the types and functions of circRNAs, as well as discuss the diagnostic and

prognostic value of circulating circRNAs in cancer.
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INTRODUCTION

Cancer, which was estimated to lead to 18.1 million new cases and 9.6 million deaths according to
GLOBOCAN 2018, is regarded as one of the most detrimental disease to our society (1–6). Given
the concealment and non-specificity of clinical manifestations, most cancer cases are diagnosed at
advanced stages. Hence the best therapies are only suitable for limited number of patients, let alone
frequent dug resistance and adverse events (7–10). Taking tissue biopsies and imaging examinations
as well as using cancer biomarkers are some of the most widely used methods in cancer diagnosis.
However, these methods have their own limitations. For example, although taking tissue biopsies
is viewed as the gold standard of cancer diagnosis, there is a risk for patients with coagulation
dysfunction or other concomitant diseases to take biopsies (11). Moreover, only tumors growing to
certain size can be detected by imaging examination such as CT (12). Also, many cancer biomarkers
are unable to possess both superior sensitivity and specificity simultaneously. Therefore, it is an
urgent need to discover effective cancer biomarkers for people to prevent or to receive treatment at
early stages of cancer.
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With progress achieved in the field of non-coding RNA
(ncRNA), circular RNAs (circRNAs), a unique type of ncRNA
characterized by its loop structure, have emerged as playing
a significant role in carcinogenesis, metastasis, recurrence and
multidrug resistance (13). CircRNAs are formed through back-
splicing process whereby a downstream 5′ splice donor site
is ligated with an upstream 3′ splice acceptor site to form a
single-strand covalently closed loop. Afterwards, the spliceosome
removes all or part of introns and the remaining sequences are
linked together (14). CircRNAs are of considerable diagnostic
and prognostic value not only due to the convenience for
detection but also the exhibition of tissue/developmental-stage-
specific expression. CircRNAs are prone to be detected because
of large quantity, for example, over 25,000 different circRNAs
having been identified in human fibroblasts (15). In addition,
alternative circularization caused by the competition between
different flanking complementary introns increases the isoforms
of circRNAs, thus contributing to the abundance of circRNAs
(16). Besides, the covalently closed loop structure without 5′-
3′ polarity or polyadenylated tail confers great stability upon
circRNAs, preventing them from being degraded by RNase R,
debranching enzyme or RNA exonuclease (17). As a result, the
average half-life of circRNAs in cells is much longer than that of
mRNA (messenger RNA). Furthermore, Rybak-Wolf et al. (18)
analyzed thousands of neuronal human and mouse circRNAs,
discovering that circRNAs are highly conserved in sequence.
This phenomenon might result from the conservation of splicing
regulatory elements, complementary flanking introns and few
polymorphisms of miRNA target sites of circRNA sponges (19).
Accoring to Memczak et al., (20) circRNAs are much higher
expressed in peripheral whole blood compared with linear
ncRNAs, and consequently circRNAs can be detected without
using invasive methods. Last but not least, tissue/developmental-
stage-specifc expression pattern is a distinguished feature of
circRNAs, which means their expression levels are extremely
diverse and variable based on cell types and development
stage of tissues, respectively (21). With advantages elucidated
above, circRNAs are practical biomarkers in cancer diagnosis
and prognosis.

In this review, we will focus on sorting out the types
and functions of circRNAs and the expression levels of
circulating circRNAs systematically according to the latest
research. Moreover, perspectives and challenges will be proposed
to analyze the application prospect of circRNAs in cancer
diagnosis and prognosis.

TYPES AND FUNCTIONS OF CircRNAs

In recent years, ncRNAs have been recognized as a new
sensitive, non-invasive biomarker for diagnosis, prognosis
and even prediction to therapeutic responses due to the
high stability in body fluids (urine, plasma, exosomes,
etc.) and the development of detection techniques (22),
among which circRNAs are presumably more stable than
most linear RNAs because they form a unique, circular,
covalently closed continuous loop that is resistant to

exonuclease-mediated degradation because it has no 5′ or
3′ ends (Figure 1).

Types of CircRNAs
CircRNAs are divided into four categories: exonic circRNAs
(ecircRNA), intronic circRNAs, exon-intron circRNAs
(EIciRNA), and intergenic circRNAs (23). Most circRNAs
come from exons of protein coding genes via “back-splicing”
(24), where a downstream splice donor site (5′ splice site)
connects to an upstream acceptor splice site (3′ splice site).
There are three possible models of ecircRNAs biogenesis: lariat-
driven circularization, intron-pairing-driven circularization,
and resplicing-driven circularization (25). Similarly formed like
ecircRNAs, EIciRNAs are circularized with introns “retained”
between exons, which predominantly localize in the nucleus
and are associated with RNA polymerase II in human cells
(26). CircRNAs from introns include circular intronic RNAs
(ciRNAs), excised group I introns, excised group II introns,
intron lariats, and excised tRNA introns (27). GU-rich sequences
near the 5′ splice site and C-rich sequences near the branch point
are sufficient for an intron to escape debranching and become a
stable circRNA (28). Sequence analyses indicated that intergenic
or intronic circRNAs generally showed only weak conservation,
whereas coding exons serve additional, presumptively regulatory
functions when expressed within circRNAs (29). Generally,
knowledge about these circularized transcripts, and the specific
mechanism regulating the biogenesis of circRNAs is still lacking.

Functions of CircRNAs
CircRNAs Act as miRNA Sponges
MicroRNAs (miRNAs) are important post-transcriptional
regulators of gene expression that act by direct base pairing
to target sites within untranslated regions of mRNAs. A
few years ago, two independent studies discovered that
endogenous circRNAs can work as miRNA sponges. This
means that circRNAs bind to miRNAs and consequently repress
their function (29, 30). For example, ciRS-7 (also termed as
CDR1as), acting as a miR-7 sponge, contains more than 70
selectively conserved miRNA target sites, and is highly and
widely associated with Argonaute (AGO) proteins in a miR-7-
dependent manner (30). Expression of ciRS-7 inhibits miR-7
activity that leads to increase in expression of miR-7 targets
such as UBE2A, EGFR, PI3K, etc. (30–33). The sex-determining
region Y (SRY) gene produces a testis-specific circRNA known
as cir-SRY. Studies have shown that cir-SRY serves as a miR-138
sponge and 16 putative target sites have been identified (30).
Unlike the two circRNAs mentioned above that contain only one
kind of miRNA binding site, circHIPK3 could bind to multiple
miRNAs (9 miRNAs with 18 binding sites), suggesting that
one circRNA might be associated with a variety of miRNAs.
CircHIPK3 could regulate cell growth by sponging various
miRNAs especially miR-124 in human cells (34).

Translating Proteins
Although circRNAs generally do not translate proteins due to
the lack of 5′ cap structure for translation initiation, some
circRNAs can be internally modified bym6A and start translating
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FIGURE 1 | Schematic diagram of the biogenesis and functions of circRNA.

small peptides (35). The small peptide can be bioactive such
as a new 21-kDa protein encoded by circ-FBXW7, which is
termed FBXW7-185aa. Upregulation of FBXW7-185aa in cancer
cells could repress proliferation and cell cycle acceleration,
while knockdown of FBXW7-185aa could lead to cancerous
phenotypes in vitro and in vivo. CircPINTexon2 encodes
PINT87aa which is decreased in glioma tissues and negatively
impacts the clinical prognosis of glioma. Furthermore, PINT87aa
could bind to the polymerase-associated factor 1 (PAF1) complex
to prohibit the RNA elongation of multiple oncogenes (36).
Circular SHPRH (circ-SHPRH) uses overlapping genetic codes
to form a “UGA” stop codon, encoding a novel 17 kDa protein
named after SHPRH-146aa. Both circ-SHPRH and SHPRH-
146aa are amply expressed in normal human brains and
decreased in glioblastoma. The overexpression of SHPRH-146aa
in U251 and U373 glioblastoma cells weakens their malignant
behavior and tumorigenicity in vitro and in vivo (37).

Interaction With RNA Binding Proteins
CircRNAs can also bind to RNA binding proteins (RBP) as
protein sponges. Ashwal-Fluss et al. (38) observed that the

splicing factor Muscleblind (MBL) strongly and specifically binds
to circMbl, the circRNA generated from its own RNA. When the
MBL protein is redundant, circMbl could sponge out the extra
proteins by binding to it. Du et al. (39) reported that ectopic
expression of circ-Foxo3 suppressed cell cycle progression by
binding to the cell cycle proteins cyclin-dependent kinase 2 (also
known as cell division protein kinase 2 or CDK2) and cyclin-
dependent kinase inhibitor 1 (or p21), forming the structure of
a ternary complex.

Protein Scaffolding and Assembly
In contrast to the protein sponge model, circRNAs also
function as dynamic protein scaffolds enabling connection and
assembly of proteins. Li et al. (26) revealed that EIciRNA
could promote RNA Polymerase II-mediated parental gene
transcription by acting as a linker of U1 snRNP and the pol
II complex. Circ-Amotl1 has also been reported to serve as
a protein scaffold by binding to AKT and PDK1 to form
ternary complexes, hence promoting the nuclear translocation of
pAKT (40).
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Protein Recruitment
CircRNAs can also tether spliceosome for splicing or target
chromatin modifiers to particular sites to modulate gene
expression. For instance, FLI1 circular RNA termed with FECR1
could collaborate with the FLI1 promoter. FECR1 binds to the
FLI1 promoter in cis and recruits Ten-Eleven Translocation
methylcytosine dioxygenase 1 (TET1) demethylase, which may
regulate metastasis of breast cancer cells by coordinating DNA
methylation and demethylation (41).

CIRCULATING circRNAs IN DIFFERENT
CANCERS

CirRNAs are abundant and stable molecules with high cell
specificity presenting in serum, plasma and other body fluids,
which can be used as non-invasive and blood-based biomarkers
in cancer diagnosis and prognosis (42) (Refer to Table 1).

Nasopharyngeal Carcinoma
Nasopharyngeal carcinoma (NPC) as a highly invasive and
metastatic head and neck malignant tumor, occurs commonly
in Southern China and Southeast Asia. Plasma Epstein-Barr
virus (EBV) DNA has been reported to be used for population
screening (43), whereas several circRNAs have showed effect
in diagnosis and prognosis of NPC. Shuai et al. (44) found
that circRNA_000285 was significantly increased in the serum
samples of patients with NPC, in comparison with that of healthy
controls. Notably, the level of circRNA_000285 was upregulated
by 3-fold in NPC patients with radiation resistance compared
with those were radiation sensitive. Also, patients with high
expression of circRNA_000285 had poorer overall survival rate
than those with low expression. Besides, circMYC was highly
expressed in patients with NPC as well, and the expression was
significantly correlated with tumor size, lymphatic metastasis,
tumor-node- metastasis stage (TNM stage), survival rate and
disease recurrence. The AUC (area under the curve) value
for differentiating radioresistant patients from radiosensitive
patients was 0.945, with a sensitivity of 90.24% and a specificity
of 94.51% (45). Wang et al. (46) observed a significant increase
of hsa_circ_0066755 in the NPC patients’ plasma with an AUC
value of 0.904. Meanwhile, plasma hsa_circ_0066755 testing
presented a comparable diagnostic accuracy to the magnetic
resonance imaging (MRI) (46). Thus, circRNA_000285 and
circMYC represent diagnostic and prognostic value for NPC,
while hsa_circ_0066755 exhibits merely diagnostic characteristic.

Esophageal Cancer
Esophageal cancer is considered as one of the most aggressive
and lethal malignant tumors with a poor 5-year survival rate
due to inefficient diagnosis methods. There are two major
type of esophageal cancer: esophageal adenocarcinoma (EAC)
and esophageal squamous cell carcinoma (ESCC). Classical
biomarkers include serum Squamous Cell Carcinoma Antigen
(SCCA), Carbohydrate antigen-19-9 (CA19-9), and Carcinoma
Embryonic Antigen (CEA). However, the lack of sensitivity and
specificity limits them to be effectively used in the early detection
of esophageal cancer. More and more evidence has indicated that

dysregulation of circRNAs functions in the progression of various
cancers, including esophageal cancer (80).

Recently, Hu et al. (2) found that the level of circGSK3β
was significantly increased in the plasma of ESCC patients
compared to that of healthy people. According to ROC
(receiver operating characteristic) analysis, circGSK3β presented
a sensitivity of 86.1%, a specificity of 58.1%, and an AUC of
0.782 in distinguishing ESCC patients from healthy people,
indicating that plasma circGSK3β has significantly diagnostic
value. Moreover, the AUC for circGSK3β in ESCC patients at
early stages and healthy controls reached 0.793, with a sensitivity
of 68.8% and a specificity of 81.3%. The diagnostic ability was
verified in an independent validation cohort as well. The AUC of
circGSK3β for ESCC/early stages of ESCC and healthy controls
were 0.801 and 0.826, respectively. Additionally, the study has
shown that the plasma level of circGSK3β was reduced in
75% of ESCC patients after surgery, while that of circGSK3β
was increased in ESCC patients with recurrence/metastasis 10
months after surgery, suggesting the plasma level of circGSK3β
has predictive values for clinical improvement. Besides, Huang
et al. (81) demonstrated an upregulation of hsa_circ_0004771
in plasma was associated with a heavier tumor burden and a
poor prognosis, causing a lower overall survival. The origin of
hsa_circ_0004771 in plasma may be tumor-derived exosomes,
and the ROC analysis revealed effective diagnostic performance
of hsa_circ_0004771. Wang et al. discovered that plasma circ-
SLC7A5 could serve as novel diagnostic biomarker for ESCC
detection, with the area under the ROC curve of 0.772, and
plasma circ-SLC7A5 expression was significantly up-regulated
in ESCC patients, positively related to TNM stage and tend to
have a poor overall survival (47). These findings have confirmed
the significant diagnostic and prognostic value of circGSK3β,
hsa_circ_0004771, and circ-SLC7A5 in esophageal cancer.

Lung Cancer
Lung cancer remains as the leading cause of cancer-related death
worldwide, with more than 1.8 million new cases and nearly
1.6 million deaths estimated in 2012. Non-small-cell lung cancer
(NSCLC) accounts for ∼80–85% of all cases, and small cell
lung cancer (SCLC), accounts for about 15% (54). To date, the
diagnosis for lung cancer include tumor-liberated proteins (e.g.,
CEA, NSE, TPA, chromogranin, CA125, CA19-9, and CYFRA21-
1) and computed tomography (CT) (48). However, most patients
are still diagnosed at advanced stages. Thus, having accurate
and sensitive biomarkers is crucial for lung cancer diagnosis
and prognosis.

Circulating circRNA emerges as a promising method for
diagnosis and prognosis of lung cancer. Li et al. (49)
compared the levels of serum FECR1 in SCLC patients with
that in normal controls, they proved that FECR1 expression
was higher in patients with SCLC, and much higher in
those with distant metastasis. Notably, the level of serum
FECR1 was strongly associated with chemotherapy response
in SCLC patients, suggesting that serum FECR1 might be
useful in detecting and tracking SCLC. As for NSCLC, the
abundance of circFARSA in plasma has been reported to
elevate in NSCLC patients, and the AUC was 0.710, which
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TABLE 1 | Circulating circRNAs in different types of cancer.

Cancer type Name of circRNAs Changes Functions Sample ROC curve References

NPC circRNA_000285 Upregulated Diagnosis and prognosis Serum N/A (34)

circMYC Upregulated Diagnosis and prognosis Plasma AUC: 0.945

Sensitivity: 90.24%

Specificity: 94.51%

(35)

Has_circ_0066755 Upregulated Diagnosis Plasma AUC: 0.904 (36)

ESCC circGSK3β Upregulated Diagnosis and prognosis Plasma AUC: 0.782

Sensitivity: 86.1%

Specificity: 58.1%

(38)

circRNA_0004771 Upregulated Diagnosis and prognosis Plamsa N/A (39)

circ-SLC7A5 Upregulated Diagnosis and prognosis Plasma AUC: 0.772 (40)

SCLC FECR1 Upregulated Diagnosis and prognosis Serum N/A (43)

NSCLC circFARSA Upregualted Diagnosis Plasma AUC: 0.710 (44)

F-circEA Upregualted Diagnosis and prognosis Plasma N/A (45)

hsa_circ_0005962 Upregualted Diagnosis Plasma AUC: 0.730

Sensitivity: 71.9%

Specificity: 72.2%

(46)

hsa_circ_0086414 Downregulated Diagnosis Plasma AUC: 0.780

Sensitivity: 77.1%

Specificity: 66.7%

(46)

Breast cancer hsa_circ_0001785 Upregualted Diagnosis and prognosis Plasma AUC: 0.771

Sensitivity: 78.6%

Specificity: 75.6%

(47)

Gastric cancer hsa_circ_002059 Downregulated Diagnosis and prognosis Plasma AUC: 0.730

Sensitivity: 81.0%

Specificity: 62.0%

(48)

hsa_circ_0000190 Downregulated Diagnosis Plasma AUC: 0.060

Sensitivity: 41.4%

Specificity: 87.5%

(49)

hsa_circ_0000181 Upregulated Diagnosis and prognosis Plasma AUC: 0.582

Sensitivity: 20.6%

Specificity: 99.0%

(50)

hsa_circ_0001649 Downregulated Diagnosis Serum AUC: 0.834

Sensitivity: 71.1%

Specificity: 81.6%

(51)

hsa_circ_0000745 Downregulated Diagnosis Plasma AUC: 0.683

Sensitivity: 85.5%

Specificity: 45.0%

(52)

circ-SFMBT2 Upregulated Diagnosis Plasma AUC: 0.759

Sensitivity: 80.6%

Specificity: 63.9%

(53)

circ-ERBB2 Upregulated Prognosis Plasma N/A (54)

HCC hsa_circ_0001445 Downregulated Diagnosis Plasma AUC: 0.862

Sensitivity: 94.2%

Specificity: 71.2%

(55)

hsa_circ_104075 Upregulated Diagnosis Serum AUC: 0.973

Sensitivity: 96.0%

Specificity: 98.3%

(56)

circ_0009582 Upregulated Diagnosis Plasma AUC: 0.805 (57)

circ_0037120 Upregulated Diagnosis Plasma AUC: 0.835 (57)

circ_0140117 Upregulated Diagnosis Plasma AUC: 0.845 (57)

Pancreatic cancer circ-LDLRAD3 Upregulated Diagnosis and prognosis Plasma AUC: 0.670

Sensitivity: 57.4%

Specificity: 70.5%

(58)

circ-PDE8A Upregulated Prognosis Plasma N/A (59)

circ-IARS Upregulated Prognosis Plasma N/A (60)

CRC hsa_circ_0007534 Upregulated Diagnosis and Prognosis Plasma AUC: 0.780

Sensitivity: 92.0%

Specificity: 52.2%

(61)

(Continued)
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TABLE 1 | Continued

Cancer type Name of circRNAs Changes Functions Sample ROC curve References

hsa_circ_0001649 Upregulated Diagnosis Serum N/A (62)

hsa_circ_0004585 Upregulated Diagnosis Peripheral

blood

N/A (63)

circ-CCDC66,

circ-ABCC1,

circ-STIL

Downregulated Diagnosis Plasma AUC: 0.780

Sensitivity: 64.4%

Specificity: 85.2%

(64)

circVAPA Upregulated Diagnosis and prognosis Plasma AUC: 0.724 (65)

hsa_circ_0000370 Upregulated Diagnosis and prognosis Plasma AUC: 0.815 (66)

hsa_circ_0082182 Upregulated Diagnosis and prognosis Plasma AUC: 0.737 (66)

hsa_circ_0035445 Downregulated Diagnosis and prognosis Plasma AUC: 0.703 (66)

hsa_circ_0004771 Upregulated Diagnosis Serum AUC: 0.880 (67)

hsa_circ_0002320 Downregulated Diagnosis and prognosis Plasma AUC: 0.823 (68)

Bladder cancer hsa_circ_0003221 Upregulated Prognosis Whole

blood

N/A (69)

circFARSA Upregulated Diagnosis and prognosis Serum N/A (70)

circSHKBP1 Upregulated Diagnosis and Prognosis Serum AUC: 0.804 (70)

circBANP Upregulated Prognosis Serum N/A (70)

hsa_circ_0000285 Downregulated Prognosis Serum N/A (71)

Endometrial

cancer

hsa_circ_0109046 Upregulated Prognosis Serum N/A (72)

hsa_circ_0002577 Upregulated Prognosis Serum N/A (72)

Cervical cancer hsa_circ_0101996 Upregulated Diagnosis Whole

blood

AUC: 0.906 (73)

hsa_circ_0101119 Upregulated Diagnosis Whole

blood

AUC: 0.887 (73)

circFoxO3a Downregulated Prognosis Serum N/A (74)

Leukemia circBA9.3 Upregulated Prognosis Whole

blood

N/A (75)

circHIPK3 Upregulated Prognosis Serum N/A (76)

Melanoma hsa_circ_0001591 Upregulated Prognosis Serum N/A (77)

Osteosarcoma hsa_circ_0081001 Upregulated Diagnosis and prognosis Serum AUC: 0.898 (78)

hsa_circ_0000885 Upregulated Diagnosis and prognosis Serum AUC: 0.783 (79)

NPC, nasopharyngeal carcinoma; ESCC, esophageal squamous cell carcinoma; SCLC, small-cell lung cancer; NSCLC, non-small-cell-lung cancer; HCC, hepatocellular carcinoma;

CRC, colorectal cancer; N/A, not available; AUC, area under the curve.

represents a potential diagnostic performance of circFARSA
for NSCLC (50). Meanwhile, F-circEA specifically elevates
in EML4-ALK fusion gene positive NSCLC patients’ plasma,
thus monitoring the EML4-ALK translocation and guiding
the EML4-ALK-targeted NSCLC therapy. Also, F-circEA can
independently promote cancer cell migration and invasion,
leading to tumor progression. Taken together, F-circEA could
be a “liquid biopsy” biomarker to diagnose NSCLC, as well
as provide clinical implications for NSCLC therapy (51). In
addition, Liu et al. (52) observed significant upregulations
of hsa_circ_0005962 and downregulations of hsa_circ_0086414
in lung adenocarcinoma plasma and cells, and the plasma
level of hsa_circ_0005962 was decreased in postoperative
patients compared with preoperative patients. According to
ROC analysis, the AUC of hsa_circ_0005962 was 0.730, with a
sensitivity of 71.9% and specificity of 72.2%, and the AUC of
hsa_circ_0086414 was 0.780, with a sensitivity and specificity
of 77.1 and 66.7%, respectively. The best discriminatory ability

was shown in the combination of the two circRNAs, with
with an AUC of 0.810, sensitivity of 77.8% and specificity of
72.2%. Therefore, for lung cancer, FECR1 and F-circEA have the
capability of both diagnosis and prognosis, whereas, circFARSA,
hsa_circ_0005962 and hsa_circ_0086414 could serve as non-
invasive diagnostic biomarkers.

Breast Cancer
Breast cancer is one of the most common malignant tumors
for woman in the world. The neoplasm stage (when the
disease is diagnosed) plays a key role in overall survival, with
more than 95% of 5-year survival rate for early stage, but
only 20% of that for distant metastasis patients. Although the
diagnosis for breast cancer is developing, and conventional
serum biomarkers like CEA, CA15-3, and CA125 have been
used as ideal approaches for detecting breast cancer because
of their low invasiveness (53, 82), high-efficiency and specific
clinical molecules are still desired for the diagnosis and
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prognosis of breast cancer. Yin et al. (83) selected three
candidate circRNAs (hsa_circ_0001785, hsa_circ_0108942 and
hsa_circ_0068033) out of 41 dysregulated circRNAs in the
plasma of breast cancer patients, and hsa_circ_0001785 exhibited
the highest diagnostic value with an AUC of 0.771, and a
sensitivity of 78.6% and a specificity of 75.6%, indicating
hsa_circ_0001785 could be a promising biomarker for breast
cancer detection. They also compared the diagnostic efficiency of
hsa_circ_0001785 with CEA and CA15-3 using plasma samples
from 57 breast cancer patients, and hsa_circ_0001785 had the
highest AUC value (0.784) compared with CEA (0.562) and
CA15-3 (0.629). Notably, an even higher AUC value (0.839) was
found in the combination of these three molecules. Moreover,
the sensitivity and specificity of hsa_circ_0001785 (sensitivity:
76.4%, specificity: 70.0%) were significantly higher than that
of CEA (sensitivity: 43.1%, specificity: 51.4%) and CA15-3
(sensitivity: 50.5%, specificity: 57.9%), and the combination
of hsa_circ_0001785, CEA and CA15-3 showed the highest
diagnostic efficiency with a sensitivity and a specificity of
75.8 and 90.4%, respectively. Besides, the plasma expression of
hsa_circ_0001785 was significantly associated with histological
grade (P = 0.013), TNM stage (P = 0.008) and distant metastasis
(P = 0.016), which can predict the progression of breast cancer.
Also, a lower plasma level of hsa_circ_0001785 was shown
in postoperative patients compared with preoperative patients.
Thus, the recurrence of postoperative cancer patients can be
monitored by the plasma level of hsa_circ_0001785. The results
of this study have confirmed the diagnostic and prognostic value
of plasma hsa_circ_0001785 in breast cancer.

Gastric Cancer
Gastric cancer is the third leading cause of cancer-related death
worldwide. CEA and CA19-9 are two non-invasive and highly
practical circulating biomarkers that have been used clinically.
However, they present low sensitivity and specificity for gastric
cancer diagnosis (84). The levels of hsa_circ_002059 have been
introduced to be lower in preoperative plasma samples than
in postoperative plasma samples, and the AUC was 0.730, the
sensitivity and specificity were 81.0 and 62.0%, respectively.
Also, the low expression levels of hsa_circ_002059 were closely
related to TNM stage and distal metastasis (55). Similarly, the
plasma level of hsa_circ_0000190 was downregulated in the
gastric cancer patients, with an AUC of 0.060, a sensitivity
of 41.4%, and a specificity of 87.5%, when combining the
use of tissue and plasma hsa_circ_0000190, the values of
AUC, sensitivity and specificity were increased to 0.780, 71.2%,
and 75.0%, respectively. However, it did not present any
association with clinicopathological features such as age, gender,
diameter, differentiation, lymphatic metastasis, distal metastasis,
invasion, and TNM stage, but its level was higher in CEA
positive patients (56). Same result was found in a study
of hsa_circ_0000181 that CEA positive patients had higher
plasma level of hsa_circ_0000181. Also, hsa_circ_0000181 was
significantly decreased in gastric cancer plasma, and its reduced
level was significantly associated differentiation. In addition,
the AUC of hsa_circ_0000181 was 0.582, the specificity and
sensitivity were 20.6 and 99.0%, respectively (57).

Besides, Li et al. (85) demonstrated that hsa_circ_0001649
may have a negative correlation with gastric cancer, since
hsa_circ_0001649 expression in serum was significantly
increased in the postoperative compared with the preoperative
with an AUC of 0.834, a sensitivity of 71.1% and a specificity
of 81.6%. Furthermore, a study of Huang et al. (86) has proven
that the expression level of hsa_circ_0000745 in plasma was
downregulated in gastric cancer patients, and its level correlated
with TNM stage. The AUC of hsa_circ_0000745 in plasma was
0.683, and the sensitivity and specificity were 85.5 and 45.0%,
respectively. While the combination of hsa_circ_0000745 and
CEA represented increased values of AUC (0.775), sensitivity
(80.0%), and specificity (63.3%). Apart from these down-
regulated circRNAs, a circRNA named circ-SFMBT2 revealed
an increased expression level in gastric cancer plasma samples
compared with healthy people, suggesting it could be applied
to detect gastric cancer (87). Moreover, high circERBB2 level
in the plasma was correlated to poor prognosis for gastric
cancer, with a low overall survival and a high rate of recurrence,
which may associate with sponging some miRNAs and
triggering tumor growth or metastasis. Notably, the increased
plasma level of circERBB2 tended to be related to men (84).
Since TNM stage, distal metastasis and differentiation are
pivotal factors for evaluating the prognosis of gastric cancer,
these seven molecules hsa_circ_0000190, hsa_circ_0001649,
hsa_circ_0000745, and circ-SFMBT2 show a potential value as
diagnostic biomarkers, circERBB2 could serve as a prognostic
biomarker, and hsa_circ_002059 and hsa_circ_0000181 have
promising performances in both diagnosis and prognosis of
gastric cancer.

Hepatocellular Carcinoma
Liver cancer presented the sixth incidence and third mortality
in malignancies worldwide in 2018. Hepatocellular carcinoma
(HCC) is the most common form of liver cancer, accounting
for 75–85% of all cases (1). HCC normally develops in patient
with cirrhotic livers, which mainly result from hepatitis B virus
(HBV)/ hepatitis C virus (HCV) infection or alcohol-related liver
disease. For decades, the α-fetoprotein (AFP) (58), α-fetoprotein-
L3 (AFP-L3) (59), and des-carboxy-prothrombin (DCP) (60)
have been used for HCC diagnosis. Nevertheless, owing to
their poor sensitivity and specificity, the current diagnostic
methods are far from being satisfactory. Zhang et al. (88) assessed
the diagnostic potential of plasma hsa_circ_0001445, using
samples from 104 HCC patients, 57 cirrhosis patients, 44 HBV
patients, and 52 healthy controls, and plasma hsa_circ_0001445
levels were significantly lower in HCC patients than other
three groups. Compared with healthy controls, the AUC
value of HCC patients was 0.862, with a specificity and a
sensitivity of 94.2 and 71.2%, respectively. Moreover, the plasma
hsa_circ_0001445 levels in HCC patients were associated with
serum AFP levels, and the efficiency of the combination in
distinguishing HCC patients from patients of cirrhosis (AUC
= 0.743), from patients of HBV (AUC = 0.877), or from
healthy controls (AUC = 0.970) was higher compared to using
plasma hsa_circ_0001445 levels or serum AFP levels alone.
Thus, the level of plasma hsa_circ_0001445 could be used
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for HCC diagnosis. Furthermore, Zhang et al. (89) identified
that hsa_circ_104075 was highly expression in HCC serum,
and the AUC value of hsa_circ_104075 (0.973) was higher
than that of lncRNA (DANCR: 0.851, HULC: 0.855, UCA1:
0.735), miRNA (miR-223: 0.818, miR-21: 0.782) and classical
protein biomarkers (AFP: 0.750, AFP-L3: 0.766, DCP: 0.771),
with a sensitivity of 96.0% and a specificity of 98.3%. In
addition, three circRNAs including circ_0009582, circ_0037120,
and circ_0140117 were confirmed to be upregulated in HCC
patients’ plasma. The AUC values of circ_0009582, circ_0037120,
circ_0140117, combination of circRNAs, AFP, and combination
of circRNAs and AFP were 0.805, 0.835, 0.845, 0.857, 0.803
and 0.955, respectively. The positive predictive value (PPV) and
negative predictive value (NPV) were 95 and 95%, respectively
when compared to healthy controls, while the PPV and NPV
were 84 and 80%, respectively when distinguishing HCC from
HBV infection, suggesting these three circRNAs are able to
predict HCC from patients with HBV or healthy controls (90).
The abovementioned circRNAs involving hsa_circ_0001445,
hsa_circ_104075, circ_0009582, circ_0037120, and circ_0140117
have the capability of diagnosing HCC, whereas, they show no
property in prognosing HCC.

Pancreatic Cancer
The estimated number of deaths due to pancreatic cancer was
432,000 in 2019 (61), with a 5-year survival rate of 9.3% (62).
This is partly owing to the rapid invasion and early metastasis
of pancreatic cancer as well as late diagnostic capabilities. The
regular approaches applied clinically to detect pancreatic cancer
include biopsy, CT and CA19-9 (63), and the discovery of
biomarkers for the diagnosis of pancreatic cancer remains a
major challenge. A study has verified that circ-LDLRAD3 was
up-regulated in plasma of pancreatic cancer patients compared
with healthy controls, and the level of plasma circ-LDLRAD3
was strongly related to CA19-9, N classification, venous invasion,
and lymphatic invasion (64). The AUC value, sensitivity, and
specificity of circ-LDLRAD3 were 0.670, 57.4%, and 70.5%,
respectively, while the combination of circ-LDLRAD3 andCA19-
9 increased the diagnostic value, with corresponding values for
AUC, sensitivity, and specificity were 0.870, 80.3%, and 93.6%,
respectively. Li et al. (65) analyzed the circ-PDE8A expression
in plasma of pancreatic ductal adenocarcinoma (PDAC) patients
and found that high expression of circ-PDE8A was associated
with duodenal invasion, vascular invasion, T factor or TNM
stage, as well as low survival rate. Moreover, high expression of
circ-PDE8A acted as an independent risk for overall survival,
suggesting circ-PDE8A expression was correlated with prognosis
in PDAC.

Circ-IARS also has been reported to be an independent risk
factor for pancreatic cancer, and it was presented an upregulation
in plasma derived from patients with metastatic pancreatic
cancer. Circ-IARS expression was positively associated with
tumor vessel invasion, liver metastasis, and TNM stage and
negatively associated with postoperative survival time (66).
Besides, Seimiya et al. (67) suggested that circPDAC RNA might
serve as a potential biomarker for PDAC, however, it was only
examined in one serum of PDAC patient. Therefore, circ-PDE8A

and Circ-IARS may be useful biomarkers for pancreatic cancer
detection, circ-LDLRAD3 might be applied in the diagnosis and
prognosis of pancreatic cancer.

Colorectal Cancer
Colorectal cancer (CRC) is one of the most frequent digestive
tract cancers, and the second leading cause of cancer-related
deaths worldwide (1). The regular approaches for detecting CRC
include fecal occult blood testing, colonoscopy, stool DNA testing
and conventional tumor biomarkers (e.g., CEA and CA19-9)
(68, 91). Colonoscopy screening and subsequent pathological
examinations are the criterion standard for the diagnosis of CRC,
while due to the low adherence rates and reproducibility, the
diagnosis of a lot of CRC patients has been delayed. The circRNAs
have emerged as non-invasive biomarkers for CRC. Zhang et al.
(69) found that hsa_circ_0007534 expression was significantly
higher in CRC patients’ plasma than in healthy controls, and the
increased plasma level of hsa_circ_0007534 was associated with
higher incidence of clinical classifications, metastatic phenotype,
and poor differentiation in CRC patients. According to ROC
analysis, compared with healthy controls, the AUC value was
0.780, the sensitivity was 92.0%, and specificity was 52.2%.
According to Kaplan-Meier analysis, the high hsa_circ_0007534
expression group exhibited a significantly poorer prognosis than
the low hsa_circ_0007534 expression group. Moreover, another
circRNA called hsa_circ_0001649 was observed an upregulation
expression in serum samples of CRC patients after surgery (70).
The upregulation expression was also found in CRC patients
peripheral blood of hsa_circ_0004585 (71). Furthermore, the
plasma levels of three circRNAs (circ-CCDC66, circ-ABCC1,
and circ-STIL) showed significantly reduction in CRC patients
compared to in healthy volunteers. The AUC of the three-
circRNA panel was 0.780, with 64.4% sensitivity and 85.2%
specificity. The decreased plasma levels circ-CCDC66 and circ-
ABCC1 were found to be associated with precursor lesions
of CRC, including colon adenomas and adenomatous polyps,
and circ-CCDC66 and circ-STIL expressions could be effectively
applied in detecting early- stage CRC (92). Besides, Li et al.
(72) evaluated the diagnostic and prognostic values of circVAPA
for CRC, the results showed that circVAPA expression in the
plasma was significantly increased in CRC patients compared
to in healthy controls, with an AUC of 0.724, and circVAPA
expression exhibited higher in stage III and IV patients than
in stage I and II patients, indicating that the plasma level of
circVAPA showed a positive trend with TNM stage progression.

In addition, a study has demonstrated that in CRC
plasma, hsa_circ_0000370, and hsa_circ_0082182 were
significantly upregulated, whereas hsa_circ_0035445 was
downregulated (93). The AUC values of hsa_circ_0000370,
hsa_circ_0082182, and hsa_circ_0035445 were 0.815, 0.737,
and 0.703, respectively. The levels of hsa_circ_0000370 and
hsa_circ_0082182 was closely related to lymph node metastasis,
and the hsa_circ_0035445 expression was related to the TNM
stage. Notably, hsa_circ_0000370 presented no significant
difference between preoperative and postoperative stages, but
hsa_circ_0082182 and hsa_circ_0035445 had a significant
difference between these two stages. Pan et al. (73) verified
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the level of serum hsa-circ-0004771 was increased in CRC
patients compared to in healthy people and patients with benign
intestinal diseases (BIDs), the AUC values were 0.590, 0.860
and 0.880 to discriminate BIDs, stage I/ II CRC patients and
CRC patients from healthy people. Also, the expression of
hsa-circ-0004771 was decreased in the serum of postoperative
CRC patients. Besides, the level of plasma hsa_circ_0002320
was significantly downregulated in CRC patients, with an AUC
of 0.823. Based on Kaplan-Meier analysis, the expression level
of hsa_circ_0002320 was significantly connected with overall
survival time: low level of hsa_circ_0002320 presented a poor
overall survival time compared to CRC patients with high level
of hsa_circ_0002320. Thus, hsa_circ_0002320 could be used for
CRC diagnosis and prognosis (74). According to the studies
of circRNAs in CRC, hsa_circ_0001649, hsa_circ_0004585,
hsa-circ-0004771, circ-CCDC66, circ-ABCC1, and circ-
STIL are non-invasive diagnostic biomarkers for CRC, and
hsa_circ_0007534, hsa_circ_0000370, hsa_circ_0082182
hsa_circ_0035445, hsa_circ_0002320 and circVAPA can be
applied for CRC diagnosis and prognosis.

Bladder Cancer
Bladder cancer is the most common occurring malignancy
of urinary system, with an estimated 549,000 new cases and
200,000 deaths in 2018 (1). Cystoscopy and biopsy are used
as the criterion standard for diagnosing bladder cancer and
no reliable biomarker is available to replace these methods at
present (94). However, owing to the invasiveness of cystoscopy
and biopsy, patient compliance is poor. Therefore, promising
non-invasive diagnostic and prognostic biomarkers for bladder
cancer are urgently needed. Xu et al. (75) investigated the
expression of hsa_circ_0003221 also called circPTK2 in the
blood of patients with bladder cancer (75). The level of
blood hsa_circ_0003221 was significantly high in the blood
samples, with strong association with several clinicopathologic
characteristics, involving poor differentiation, N2-N3 lymph
node metastasis, and TNM stage. Another study has indicated
that circFARSA, circSHKBP1, circBANP, and lncRNA urothelial
carcinoma-associated 1 (UCA1) are correlated with the diagnosis
and prognosis of bladder cancer (76). The expression of
circFARSA, circSHKBP, and lncRNA UCA1 were significantly
higher in the serum of bladder cancer patients than healthy
people, but there was no significant difference of serum
circBANP expression in bladder cancer patients compared
with healthy people. The AUC value of circSHKBP1 and
lncRNA UCA1 signature to discriminate patients with bladder
cancer from controls was 0.804, and that of this signature
was 0.870 with respect of low-grade tumors. Moreover, the
expression of circFARSA, circSHKBP1, and circBANP increased
in the recurrent bladder cancer patients in comparison with
non-recurrent patients, the AUC of the combination of
circFARSA and circBANP to distinguish tumor recurrence
from those without was 0.737. Chi et al. (95) confirmed that
sa_circ_0000285 was significantly reduced in bladder cancer
serum in contrast to healthy controls, and it was related to tumor
size, differentiation, lymph node metastasis, distant metastasis
and TNM stage. Furthermore, hsa_circ_0000285 expression

was lower in cisplatin-resistant bladder cancer patients when
comparing with those who were cisplatin-sensitive, indicating its
important role in bladder cancer chemo-sensitivity. Therefore,
as for bladder cancer, hsa_circ_0003221, hsa_circ_0000285 and
circBANP play crucial roles in the prognosis, and circFARSA,
circSHKBP1 can be used in the both diagnosis and prognosis.

Endometrial Cancer
The prevalence of endometrial cancer has been increased that
about 320,000 new cases and 76,000 deaths were estimated
in 2012 (77). A study has aimed to explore the roles of
serum circRNAs in endometrial cancer, and has elucidated that
hsa_circ_0109046 and hsa_circ_0002577 were higher in the
serum of patients with endometrial cancer than that that of
healthy controls. Also, these two stable circRNAs could provide
information about the development, metastasis and prognosis of
endometrial cancer (96).

Cervical Cancer
Cervical cancer ranks as the fourth common malignant tumor
in women, with an estimated 570,000 cases and 311,000 deaths
in 2018 worldwide (1). Several invasive prognostic factors
have been applied in clinical practice, such as International
Federation of Gynecology and Obstetrics (FIGO) stage, lymph
node metastasis, lymph-vascular space invasion (LVSI), and
deep stromal infiltration (97). However, non-invasive approaches
for detecting and predicting cervical cancer are needed. Wang
et al. (78) identified that the expression of hsa_circ_0101996,
hsa_circ_0104649, hsa_circ_0104443, and hsa_circ_0101119 in
whole blood had similar trend compared with in tumor tissues.
Among them, hsa_circ_01- 01996 and hsa_circ_0101119 were
upregulated more than 4-fold in whole blood of cervical
cancer patient in contrast to healthy controls. ROC analysis
revealed that hsa_circ_0101996 and hsa_circ_0101119 could
distinguish cervical cancer patients from healthy controls with
AUC values of 0.906 and 0.887, respectively. Intriguingly, there
was a markedly improved AUC value of 0.964 when combining
hsa_circ_0101996 and hsa_circ_0101119, and the sensitivity and
specificity reached to 94.3 and 87.3%, respectively. Tang et al. (79)
validated that circFoxO3a expression was decreased in serum
of cervical patients compared with healthy volunteers, and the
low expression was associated with severe stromal invasion and
positive lymph node metastasis. Meanwhile, the lower level of
serum circFoxO3a led to poorer overall survival and recurrence-
free survival, suggesting circFoxO3a is a non-invasive tool for
predicting survival in cervical cancer patients. Based on these
two studies, hsa_circ_0101996 and hsa_circ_0101119 are useful
for diagnosing cervical cancer, while circFoxO3a affects the
prognosis of cervical cancer.

Leukemia
Leukemia is a group of life-threatening malignant disorders
of the blood and bone marrow, which lack of convenient
methods to detect (98). Pan et al. (99) confirmed that circBA9.3
was associated with prognosis and tyrosine kinase inhibitors
(TKIs) resistance in patients with chronic myeloid leukemia
(CML). TKIs are effective therapy for CML patients, while
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some patients who are not responsive to TKIs have elevated
circBA9.3 expression in the blood. Moreover, the overexpression
of circBA9.3 accelerates the proliferation and inhibits apoptosis
of cancer cells. Besides, circHIPK3 was also upregulated
in peripheral blood mononuclear cells (PBMC) and serum
samples from CML compared with healthy controls, and high
circHIPK3 predicted a poor outcome of CML patients and may
be an independent prognostic factor for CML development.
Knockdown of circHIPK3 prevented proliferation and triggered
apoptosis of cancer cell (100), indicating circHIPK3 can
participate in the prognosis of CML.

Melanoma
Melanoma originates from the basal layer of epidermis,
and its morbidity keep increasing worldwide (101). A study
has determined an upregulation of hsa_circ_0001591 in
serum of patients with melanoma compared with normal
controls. Moreover, high expression of hsa_circ_0001591
was correlated with inferior overall survival and disease-
free survival in comparison with low expression group. The
underlying mechanism may be related to the suppression of
miR-431-5p (102).

Osteosarcoma
Osteosarcoma is the most frequent primary malignant bone
tumor in children, adolescents and young adults (103). Alkaline
phosphatase (ALP) and lactate dehydrogenase (LDH) remain
as the most common serum biomarkers used for diagnosing
osteosarcoma in spite of their unsatisfactory sensitivity and
specificity (104). A study identified that a circRNA named
hsa_circ_0081001 was significantly increased in the serum of
osteosarcoma patients, and the expression of hsa_circ_0081001
was gradually increased in the benign bone tumor and
osteosarcoma compared to the control group (105). The AUC
value of hsa_circ_0081001 (0.898) was higher than that of
ALP (0.673) and LDH (0.800). Further analysis suggested
that high hsa_circ_0081001 expression was associated with
chemoresistant, lung metastasis or recurrence of osteosarcoma,
and the expression was remarkably reduced in the serum after
preoperative chemotherapy of two cycles and after operation.
The results confirmed that serum hsa_circ_0081001 is an
independent diagnostic and prognostic factor for osteosarcoma
patients. Similar findings were demonstrated in another study
that a significant increase of serum hsa_circ_0000885 was
detected in osteosarcoma patients, especially in patients with
Enneking stage IIB and III osteosarcoma, compared with
early-stage osteosarcoma (106). Moreover, the levels of serum
hsa_circ_0000885 were significantly higher in patients with
osteosarcoma than patients with benign bone tumors or healthy
controls. The AUC value for distinguishing between patients
with osteosarcoma from healthy individuals was 0.783, while
it was 0.714 when comparing osteosarcoma with benign bone
tumors. Also, the increased level of serum hsa_circ_0000885
promoted lung metastasis and narrowed overall survival and
disease-free survival, and the serum levels of hsa_circ_0000885
markedly decreased after chemotherapy and surgery. Thus,

hsa_circ_0000885 could serve as a promising diagnostic and
prognostic biomarker for osteosarcoma.

PERSPECTIVES AND CHALLENGES

In comparison with linear RNAs, circRNAs have covalent circular
structure without a 3′-end and 5′-end, which strengthens the
characteristics of stability and abundance in circulating blood,
especially in serum exosomes (107). Moreover, circRNAs are
significantly upregulated or downregulated in various types of
cancer with high AUC value, sensitivity, and specificity. Due
to the biological functions of circRNAs and the non-invasive
property of circulating circRNAs, relevant studies have verified
that circulating circRNAs have the potential to act as promising
biomarkers for diagnosing and prognosing different types of
cancer. Nevertheless, there are several limitations when using
circRNAs clinically to detect and predict cancer progression.
A majority of circRNAs known to be dysregulated have been
reported in only a single study with small scale of samples,
and rare systematic validation studies with randomized trials
based on these “verified” circRNAs with well-characterized and
diverse patient samples have been conducted. Furthermore,
a lack of standard naming system for circRNAs could cause
confusion for further research. Also, since most circRNA
sequences is shared with the miRNAs generated from the
host gene, the identification, quantification, and validation, as
well as overexpression and silencing strategies of circRNAs
will be affected by specific back-splicing junction and become
especially sensitive to biological and experimental artifacts
(108). Besides, the underlying mechanisms have been scarcely
reported in current studies. Therefore, studies based on larger
samples and multiple centers should be conducted, and the
“verified” circRNAs should be reconfirmed in more studies.
Standard protocols including standard naming system, thorough
validation, accurate quantification, careful confirmation, are
urgently needed in order to compare findings from different
studies. Additionally, we should investigate the role of circulating
circRNAs in various types of cancer, whether they work as
cancer promoting or suppressing agents, and how they work. A
better understanding of the mechanisms of circulating circRNAs
in cancer will promote the development of circRNA-based
diagnostic tools and therapies for cancer. Although the study of
circRNAs in cancer is still in its infancy, the current researches
have validated the diagnostic and prognostic value of circulating
circRNAs in different cancer types, and the importance
given to circulating circRNAs as biomarkers for cancer
diagnosis and prognosis has been increasing just over the last
few years.

Apart from being effective biomarkers, economic benefit
could be another important reason that emphasizes the value
of circulating circRNAs. Since patients diagnosed with cancer
are supposed to routinely monitor due to the risk of tumor
recurrence and progression, the costs of cancer do tend to be
high. According to the data from the Agency for Healthcare
Research and Quality in the United States, there was a 98%
increase from the agency projections in 2014 due to the
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high expenditure of cancer care and treatment which may
approximately cost the American taxpayer 173 billion dollars in
2020 (109, 110). A significant portion of these costs is associated
with the poor diagnosis of cancer. Studies have confirmed that
incremental costs are significantly higher for advanced-stage
cancer than for early-stage cancer (111), and rough estimate for
cost-savings from early-stage cancer is 26 billion dollars (112).
Thus, cancer biomarkers with high sensitivity and specificity
can significantly reduce the cost. Circulating circRNAs as a
kind of non-invasive cancer biomarkers with high sensitivity
and specificity in different cancer, have been proven to be
clinically cost-effective and treatment-effective because they
can distinguish low-risk patients from high-risk patients at an
early tumor stage (113). Therefore, the clinical generalization
of circulating circRNAs in the future may save substantial
expenditure in cancer care and treatment.

CONCLUSION

Cancer remains as one of the leading causes of morbidity
and mortality in the world, and circRNAs present a great
capability to be promising biomarkers due to their high stability
and conservation. Indeed, this discovery of the characteristics
and biological functions of circRNAs has enabled a new
understanding of the fundamental mechanisms of oncogenesis,
and the relevant studies concerning circulating circRNAs has
revealed exciting prospects for diagnosis and prognosis as cancer

biomarkers. Although circulating circRNAs still lie in a new
field with much to be explored, the source and function of
circulating circRNAs should be investigated for better applying
them in detecting and predicting cancer. As discussed in this
review, there are still some challenges that should be overcome
to further promote circulating circRNAs based biomarkers for
clinical applications. By establishing this thorough review on
circRNAs, we hope to provide valuable insights to how we can
better tackle cancer in the future.
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